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EDITOIUAL NOTE. 


Owing to tho shortage of paper it has been necessary to publish 
14 of the 57 iiapers read before the uiiiiual congress in .June last either 
in abstrac't or in title only, 

I am indebted to Dr. Juritz, Dr. A. L. du Toit, Prof. H. H. Paine 
and Mr. Jas. Gray for writing or prcxniring obituary notices ol some of 
the distinguished members of the Association whom we lost during the 
past year, and I have to thank many contributors for the prompt return 
of proofs and tor their kind assistance in abridging their papers when 
desirable. 
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PROCEEDINGS OF THE FORTY-FIRST ANNUAL GENERAL 
MEETING OF MEMBERS, HELD AT KELVIN HOUSE, 
JOHANNESBURG, ON TUESDAY, 29th JUNE, 1948, AT 
12 NOON. 

VBRRIGTINGS VAN DIE EEN-EN-VEERTIGSTE ALGEMENE 
JAARVERGADERING VAN LEDE IN KELV1N-HUI8, 
JOHANNESBURG, OM TWAALF UUR OP DINSDAG 29 
JUNIE GEHOU. 

Present/ Teen wooRDiG. — Dr. A. Pijper (President), Dr. H. L. 
Aiden, Mr./Mnr. S. B. Asher, Professor W. F. Barker, Dr. A. E. H. 
Bleksloy, Dr. R. Broom, Dr. A. L. du Toit, Dr. C. A. du Toit, 
Dr. R. A. Dyer, Mr./Mnr. E. M. P. Evans, Mr./Mnr. C. 
Ferguson, Mr./Mnr. V. F. Fitssiinons. Dr. F. W. Fox, Mr./Mnr. P. 
Freer, Mr./Mnr. James Gray. Dr. K. J. Hamlin, Mr./Mnr. J. 
Harcus, Mr./Mnr. A. Hossaok, Dr. R. J. A. Jordan, Professor P. R. 
Kirby, Miss/Mej. F. M. Lanhain, Mr./Mnr. B. D. Malan, Mr./Mnr. 
D. B. D. Meredith, Dr. M. G. Mes, Mr./Mnr. A. O. D. Mogg, 
Mrs. /Mev. M. Moss, Miss/Mej. J. M. Murray, Mr./Mnr. E. F. G. 
Nelson-Tansley, Dr. R. J. Ortlepp, Mr./Mnr. F. R. Paver, Dr. E. 
Percy Phillips, Dr. Bernard Price, Dr. J. I. QiiiiK Dr. E. M. 
Robinson, Coloiiel/Kol. .1. G. Rose, Mr./Mnr. J. Lyall Soutter, 
Professor G. H. Stanley, Dr. H. van Gent, Professor (\ van Riet 
Lowe, Dr. H. Weinniann, Dr. L. H. Wells, Miss/Mej. E. E. Wijers, 
Dr. H. E. Wood, Professor H. If. Paine (Honorary General Secretary/ 
Ere-algemene Sekreiaris), and Mr. A. J. Adams (Assistant General 
Secretary /Assistent-algemene Sekretaris), 

1. Greetings and Apologies. — Telegrams were read from the 
Durban members of Council and from Captain H. A. G. Jeffreys 
apologising for their absence and extending their best wishes for 
a profitable meeting. 

Groetr bn Vrrontskuldiginos. — ^Telegramme is gelees van die 
Diirbanse lede van die Raad en van Kaptein H. A. G. Jeffreys, met 
verontskiildigings vir hulle afwesigheid en beste wense vir ’n nuttigo 
vergadering. 

It was noted that apologies for absence had been received from/ 

Ontvango veroiithkuldigings vir afwesigheid is genoteer van 
Professor A. W. Bayer, Mr./Mnr. J. R. H. Coutts, Dr. G. de Kock, 
Dr. P. J. du Toit, Mr./Mnr, T. D. Hall, Dr. F. E. T. Krause, 
Mr./Mnr. A. J. Limebeer, Professor L. F. Maingard, Professor .John 
Orr, Professor John Phillips, Mr./Mnr. J. H. Power, Dr. J. B. 
Robertson and/en Dr. D. G. Steyn. 

Dr. S. F. Bush stated that he had been requested by Professor 
A. W. Bayer, Mr. J, R. H. Coutts and Mrs, S. F. Bush to extend 
their greetings to the meeting. 

Dr. S. F. Bush het meegedeel dat Professor A. W. Bayer, Mnr. 
J. R. H. Coutts en Mevr, S. F, Bush horn versoek het om hulle groote 
aau die vergadering oor te bring. 

2. Minutes. — ^The Minutes of the Fortieth Annual Gencr^ 
Meeting, held at Johannesburg on the 8Dth June, 1942, and printed 
on pages iv to vi of the Report of the Johannesburg Session (Volume 
XXXIX of the Journal) were confirmed. 

Notule. — ^Die Notule van die Veertigste Algemene Jaarver- 
gadering gehou in Johannesburg op 30 Junie 1942 en gedruk op 
bladsye IV tot VI van die Verslag van die Johannesburgse Byeenkomt 
(Deel XXXIX van die Journal) is goedgekeur. 
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3. Annvai* Bbport of Cogncxl fqb thb Yeab Endxo SOth June, 
1943.— The Anmial Report of the Council for the year ended 30th June, 
1943, having been duly suspended on the Notice Board, was taken as 
read and adopted* 

Jaabvbbslag van die Raad vie die Jaab tot op 30 JuNXE, 1943. 
— Die Jaarverslag van die Raad vir die jaar tot op 30 Junie 1943, 
wat behoorlik op die Kennisgewingsbord gepubliseer was, is as gelees 
beskou en goedgekeur. 

4. Annual Rbpoet of the Hokoeabt General Tbeasvree and 
Statement of Accounts for the Year ended 31st May, 1948. — ^The 
Honorary General Treasurer’s Report and the Statement of Accounts 
for the year ended Slat May, 1943, having been duly displayed on the 
Notice Board, were taken as read and adopted. 

Jaarverslag van die Ere-alobmene Penninomsester en Staat 
VAN Rekbningb vir DIE Jaab TOT OP 31 Mbi 1943. — ^Die verslag van 'die 
Ere-algemene Penningmeester en die Staat van Rekeninge vir die 
jaar tpt op 31 Mei 1943, wat behoorlik op die Kennisgewingsbord 
gepubliseer is, is as gelees beskou en goedgekeur. 

5. Annual Report of the Honorary Librarian for the Year 
ended SlsT May, 1943. — ^The Annual Report of the Honorary Librarian 
for the year ended 31st May, 1943, having been duly suspended on 
the Notice Board, was taken as read and adopted. 

Jaarverslag van die Kre-Bibliotekaris vir die Jaar tot op 
31 Mei 1943. — Die verslag van die Ere Bibliotekaris vir die Jaar tot 
op 31 Mei 1943. wat behoorlik op die Kennisgewingsbord gepubliseer 
is, is as gelees beskou en goedgekeur. 

6. Election of General Officers and Members of Council for 
1943/1944. — The names of members elected as General Officers and 
members of the Oouuoil for the year 194^1/1944 are given on page it. 

Vbbkiesing van Algbmene Ampsdraers en Raadslede vir 
1943/1944. — ^Die name van die lede wat tot algemene Ampsdraers eu 
Raadslede vir die jaar 1943/44 gekies is, koni voor op bladsy ii. 

7. Colonel J. G. Rose expressed bis appreciation of the honour 
conferred upon him by his election as President for the 1943/44 Session. 

Kol. J. G. Rose het sy waardering uitgespreek van die eer 
wat horn bewys is dear sy verkiesing tot President vir die 1943/44- 
Byeenkoms. 

8. Subscriptions of Associate and Student Members. — It was 
agreed to confirm the action of the Council in making the subscription 
for Associate Members for the 1943 Annual Meeting to be ten shillings 
and for Student Members to be five shillings instead of one pound 
aud ten shillings and sixpence respectively, it being noted that this 
action^had been taken as a result of the curtailment of the Meeting 
to two days. 

liEDkoRLD van A SPIRANT- EN Studentlede. — Dit is ooreengekom 
om die handeling van die Raad, nl. die vasstel van ledegeld vir 
Aspirantiede vir die 1943-Jaarvergadering op tien sjielings en vir 
StpAentlede op vyf sjielinra. in plaas van een pond en tien sjielings 
en $08 pennies rcspektiewmik, te bekragtig, terwyl aangeteken is dat 
hiei^ie be^uit geneem is as gevolg van die verkorting van die 
Vergadering tot twee dae. 

9. Preservation of Prb-historic Rock Engravings and Glaoul 
Striatiqns and Herd of Hartbbeeste on the Farms Nooxtgedacht 
and KlxFfontbin. — ^It was reported that the Council had passed the 
following resolution at its June meeting, and had despatched copies 
to the Prim# Minister, the Minister of Mines and Minister of 
interior J— ^ 
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** IVhereaa it has come to our notice that requests are beins made 
for the proclamation « of the farms Nooitgedacht and Klip- 
fontein as diamond diggings, and whereas this would result 
in the loss to the country or some of the most valuable pre- 
historic rock engravings and glacial striations that exist in 
the world, as well as the loss of a herd of two thousand 
kartebeeste now living on these farms, we, the Council of tibe 
South African Association for the Advancement of Science, 
most earnestly request the Government to continue with the 
preservation of these regions for posterity.” 

The action taken by the Council was confirmed. 

BbHOUD van VqOR-HISTORIXSR HoTSGRAVURBS bn TS-STRBPINGS 
BN van DIB trop Hartbbbstr OP DIB Plasb Nooitgbdacht en Ktjp- 
>mNTXiN. — ^Dit b meegedeel dat die Raad op sy Junie-vergadering die 
volgende besluit aangeneem het, en dat afskrifte daarvan aan die 
Eerste Minister, die Minister van MynweF^ en die Minister van 
Binnelandse Sake gestuur is: — 

” Aangesien dit onder ous aandag gebring is dat vcrsoeke gedoen 
word vir die proklamasie van die plase Nooitgedacht en Klip- 
fontein tot diamantdelwerye en aangesien dit die verlies vir 
ons land ten gevolge sou hi van somniige van die waardevolste 
voor-historiese rotsgravures en ysstrepings in die ivereld, sowel 
as die verlies van ’n trop van twee duisend hartbeeste op 
hierdie plase, versoek ons, as Baad van die Siiid-Afrikaanse 
Genootskap vir die Bevordering van Wetenskap, die'Begering 
dringend om hierdie stroke vir die nageslag te behon.” 

Die handeling van die Raad is goedgekeur. 

10 . Resolutions from Sections /Bbsluitr van Afdblikgs. 

(a) Itesolution from Section D (proposed by Dr, R. ♦/. Orilepp): 

” That whereas it is a well known biological law that concentration 
of population of any species invariably brings with it such 
evils as disease, overstocking, trampling of the veld, destruc- 
tion of the natural flora, malnutrition, and mass migration; 
that whereas sanctuaries cannot be isolated from the country’s 
economy with the interests of agriculture on the one hand and 
of game preservation on the other; that whereas a great deal 
of investigation has been done in South Africa on veld 
management and in the control of animal disease for the 
advancement of agriculture; and that whereas the ecological 
problems in the sanctuaries have as yet received Sttle 
consideration, this Sec'tion recommends that the Council of 
the South African Association for the Advancement of Science 
be asked to consider a scheme by means of which it will be 
possible to reorientate the policy of the sanctuaries and to 
endeavour to centralise as far as it is possible at present all 
existing organisations associated with the protection and 
control of the fauna, flora and sanctuaries in South Africa, 
and that provision be made for adequate scientific collabora- 
tion in developing and safeguarding these unique sanctuaries.” 

(a) Besluit van Atdeling D (Voorsfel Dr. B, J. Ortlepp) : 

” Dat, aangesien ^dit ’n welbekende biologiese wet is dat konsen- 
trasie van bevolking van enige soort altyd sulke euwels soos 
siekte, oorlaaiing, veldvertrapping, vernietigiug van die 
natuurlike flora, ondervoeding, en inassatrek saambring; dat, 
aangesien sanctiiaria nie nit die land se staathuishoudkun^ 
uitgesluit kan word nie, met die belange van landbou aan die 
een kant en van wildbeskerming aan die ander kant; dat, 
aangesien in Suid-Afrika baie ondersoekingswerk in verband 
met veldbcMstuur, en vir die beheer van dieresiektes vir die 
bevordering van landbou gedoen is ; en dat, aangesien die 
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ekologiese probleme in die sanetuaria tot nog toe slegs min 
aanda^ ontvang het, beveel hierdie Af deling aan dat die Raad 
van die Suid-Afrikaanse Genootskap vir die Bevordering van 
Wetenskap versoek word om *n skema op te stel en te oorweeg 
waardeur dit moontlik sal wees om die beleid van die 
sanetuaria te her-orienteer en om pogings aan te wend om, 
vir Bover dit op die oomblik moontlik is, alle bestaande 
organisasies wat met die beskerming en die beheer van die 
fauna, flora en Kanctuaria in Suid-Afrika verbind is, te 
sentraliseer, en dat voorsiening gemaak word vir voldoende 
w'etenskaplike saamwerking by die ontwikkeling en beskerming 
van hierdie unieke sanetuaria.” 

(b) Beiolution from Section E (proposed by Dr. B. Broom): 

” In view of the historical, scientific and aesthetic value of the 
valley which includes the great caves of Makapans, in the 
district of Potgietersrust, this Association recommends the 
acquisition by the State of about 1,000 morgen of the farms 
Makapans and Swartkrans to be set aside as a Nature 
Beserve for administration hy the National Parks Board of 
Trustees.” 

It was agreed to adopt the above resolutions and to refer them 
to the Council for action. 

(b) Besluit van Af deling E (Voorst el Dr. B. Broom): 

” Met die oog op die geskiedkitndigo, wetenskaplike en e^tetiese 
waarde van die vallei wat die groot grotte van Makapans 
in die distrik Potgietersrust insluit, beveel hierdie Genootskap 
die aankoop deur die 8taat aan van ongeveer 1000 morg van 
die plase Makapans en Swartkrans om afgosonder te word 
as ’n Natuurlike Reserve onder die aclministrasie van die 
Nasionale Parkeraad van Kuratore.” 

Dit is goedgekeur om die bostaande besluite aantoneem en hulle 
na die Raad te verwys vir behandeling. 

ll. Genbral Extension of Research Activities in the Union of 
South Africa. — On the proposal of Professor W. F. Barker, sec*onded 
by Dr. F. W. Fox, the following resolution nas adopted and referred 
to the Council: — 

” Having regard — 

(1) to the objects of the Association, one of which is ‘to give 
a stronger impulse and a more systematic direction to scientific 
enquiry and research ’ ; 

(2) to the past efforts made by the Association to give effect to 
this aim, notably during the years 1934/7; 

(3) to the growing urgency for a scientific approach to the many 
problems of importance in relation to the future development 

’of South Africa, and the increasing realisation by scientists 
of their responsibilities to the community, and being of opinion 
that the proportion of the national income devoted to research 
purposes (even when expenditure from private sources is 
included) is but a small fraction of the 1 per cent, which 
a comparison with other countries would show to be desirable ; 
this General Meeting of the Association considers that a general 
extension of research activities to be vital and urgent in the national 
interest, and that the attention of the Government should be drawn 
to this need with the maximum possible emphasis.” 

Alorxrne Uitbreidino van Navorsinoswerk in die Unie van 
SuiD-AFRUtA.'^Op voorstel van Professor W. F. Barker, gesekondeer 
deur Dr. F. W. Fox, is die volgende besluit aangenoem en na die 
Raad verwys:— 



PttOCREDlNQS OK ANNUAT« MRRTING. VU 

Met inagneming van — 

(1) die oogmerke van die Genootskap, een waarvan is * om *n 
sterker aansporing tot en ’n sistematieser rigtiiig aan weten- 
skaplike ondersoek en navorsing te gee ’ ; 

(2) die pogings wat in die verlede deur die Genootskap gedoou is 
om hiordie doel, besonderlik gedureiule die jaar 1934/7, te 
bereik j 

(3) die groeiende noodsaaklikheid om die baie belangrike probleme 
met betrekking tot die toekoinstigo ontwikkeling van 8uid- 
Afrika en die toeneniende erkonning deur weteiiskaplikes van 
hulle verantwoordelikheid aan die gemeenskap, en van mening 
synde dat die deel van die nasionale inkomste wat aan 
nayorsingsdoeleindes bestee word (seifs al word ultgawe uit 
private bronne ingesluit) slegs *n klein deeltjie van die een 
persent is wat in vergelyking met ander lande as wenslik sou 
beskou word, 

word ’ll algemene uitbreiding van navorsingsbedrywighede in die 
volksbelang as noodsaaklik en dringend beskou. Die aandag van die 
llegering behoort op hierdie noodsaaklikheid met die grootste moontUke 
nadruk gevestig te word.” 

12. Annual Meeting, 1944. — In view of the international situation, 
it was agreed that the C’ouncil have poner to decide the date, duration 
and venue of tlie 1944 Annual Meeting. 

Jaarvebdertng. 1944. — ^jMet die oog op die internasionale 
omstnndighede is besliiit dat die Kaad mag sal he oni die datum, 
duur en jilek van die 1944-J aarvergaderiiig vas to stel. 

13. Vote of Thanks. — On the proposal of Colonel J. G. Rose, 
a unanimous vote of thanks was ac'corded firstly to the Associated 
Scientific and Technical Societies of South Africa for providing the 
necessary accommodation for the holding of the Annual Meeting in 
Kelvin House and for granting the privilege of Honorary Membership 
TO visiting iiiembers attending the meeting, secondly to the Honorary 
Auditors, Idessrs. Alex. Aiken & Carter, for their services in carrying 
out the audit for the year 1942/1943, and finally to the Press for 
their services in reporting the iiroceedings of the Annual Meeting. 

Mr. .Tames Gray proposed a hearty vote of thanks to tho President 
for the valuable services he had rendered the Association during his 
term of office, and for the able manner in which he liad conducted 
the meetings over which he had presided, this vote of thanks being 
carried nith acclaiiiation. 

Mosie van Dank. — Op voorstel van Kolonel J. G. Rose is 
eenparig die dank van die vc^rgadering gebring, in die eerste plek 
.aan die Verenigde Wetenskaplike en Tegniese Vereniginge van Suid- 
Afrika vir die verskaffing van die iiodige geleentheid vir die hon van 
die Jaarvergaderiiig in Kelvin-Hnis en vir die verleen van Ere- 
Lidmaatskap aan besoeker-lede van die Vergadering: in die tweede 
plek aan die Ere-Ouditeure, die firma Alex Aiken en Carter, vir hulle 
gedieustige Ouditering vir die Jaar 1942/1943, en tenslotte aan die 
Pers vir sy verslae van die verrigtings van die Jaarvergadering. 

Mnr. James Gray het ’n mosie van hartlike dank aan die President 
voorgestel vir sy waardovolle dienste wat hy gedurende sy ampstyd 
aan die Genootskap bewys het en vir die bekwaine wyse waarom hy 
die vergaderings as Voorsitter gelei het. Hierdie mosie is met 
tocjniging aangeneem. 
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KEPORT OF COUNCIL FOR YEAR ENDING 30th JUNE, 1043. 
VERSLAO VAN DIE RAAD VIR DIE JAAR TOT OP 30 JUNIE 194:5. 

1. Obituabt/1k l^MOBiAM. — ^Your Council reports with regret the 
deaths of the following members /U Read gee met leedwese kennis 
van die oorlyde van die volgende lede : -Professor H. Bell-John, 
Dr. W. G. Bennie, Mr./Mnr. J, P. Ferreira, Dr. F, G. C. Fleischer, 
Rev./Eerw. Dr. W. Flint (Past President and Foundation Member/ 
Oud President en Oprigter-Lid,, Dr. T. N. Leslie (Honorary Life 
Member /Lewenslange Erelid), Mr./Mnr. F. J. Lewis, Professor W. H. 
Logeman, Mr./Mnr. P. R. Malleson, Dr. B. de C. Marchand, Dr. T. 
Reunert (Past President, Honorary Life Member and Foundation 
'Member /Oud-President, Lewenslange-Erelid en Oprigter-Lid), Mrs./ 
Mev. T. A. E. Rosenbrock-Drege, Dr. H. A. Spencer, Mr/Mnr. J. D. 
Stevens and en Dr. Bertha Stoneman. 

2. Mbhbrbship. — Since the last Report thirty-four nietnbers have 
joined the Association, fifteen have died, and nine have resigned, and 
the names of four members have been removed from the membership 
list. 

The following table shows a comparative list of the geographical 
distribution of membership as at the 3()th June, 1942, and the 30th 
June, 1943: — 

Lbdbtal. — Sedert die jongste verslag het vier-en-dertig lede by 
die Genootskap aangesluit, veertien is oorlede en nege het bcdank. 
Die name van vier lede is van die Ledelys geskrap. 

Die volgende lys toon, vergelykenderwys, die geograhese voorkoms 
van lede op 30 Junie 1942 en .30 .Tunie 1943: — 



1942. 

1943. 

Transvaal .* 

.320 

333 

Cape of Good Hope 

15.5 

154 

Natal 

75 

70 

Orange Free State 

19 

19 

Southern and Northern Rhodesia 

10 

11 

South-West Africa 

2 

1 

Mocambiquo 

2 

2 

Abroad 

23 

22 


GOO 

612 


3. Honorary Life Membership. — ^M. TAbbe H. E. P. Breuil and 
Dr. E. L. Gill were elected Honorary Life Members of the Association. 

Lbwbnslangb Errlkde. — M. TAbbe H. E. P. Breuil en 
Dr. E. L. Gill is tot Lewenslange Erelede van die Genootskap gekies. 

4. The Journal. — Volume XXXIX of the “ South African Journal 
of Science,” ^ing the Annual Report of the Association for the year 
ended 30th June, 1942, was placed in the hands of members in 
February, 1943. It consisted of 411 pages and contained the seven 
Presidential Addresses and 33 other Papers in full or in abstract, 
together with Indexes, Accounts, etc. 

Die ” Journal.” — Deel XXXIX van die Suid-Afrikaanse 
Journal van Wetenskap, wat die Jaarverslag van die Genootskap vir 
die jaar tot op 30 Junie 1942 bevat, is in Februarie 1943 aan die 
lede voorgeld.' Dit het uit 411 bladsye bestaan en het die sewe 
Voorsitterstoesprake en 33 lesings, volledig of in abstracto, benewens 
inhoudsopgawe, rekeninge, ens., bevat. 

5. Quarterly Bulletins. — Three Bulletins were issued during the 
year under review, in October, 1942, in April, 1943, and in June, 1943, 
respectively. 
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Kwartaal-Bvlletins. — Gedurende die iaar is drie bulletins 
uitgegee, respektiewelik in Oktober 1942, in April 1949, on Junie 1943. 

6. South Africa Mkdal and Grant /Suid-Afrika-Medaue en 
Skenkino. — ^Y our Council has awarded the South Africa Medal, 
together with a grant of £51 fts. 8d., to Professor B. F. J. Schonland. 
The recommendation was made by the Medal Committee, consisting of 
the following members ; — 

U Raad het die Suid-Afrika-Medalje, saam met ’n skenking van 
£51 K 8 toegekon aan Professor B. F. J. Schonland. Die aanbeveling 
18 gedoen deur die Medalje-Komiteo, be&taande uit die volgende lede: 

Dr. A. Pijper (Chairman), Dr. S. F. Bush, Professor C. G. S. 
de Villiers, Dr. A. L. du Toit, Dr. P. J. du Toit, Mr./Mnr. T. D. Hall, 
Professor P. R. Kirby, Professor W. J. Lu^eharms, Professor I. D. 
Mac’Crone, Professor L. F. Maingard, Dr. E. Percy Phillips and/en 
Dr. H. E. Wood. The Secretary of the British Association has been 
notihed of the award. 

Die Sekretaris van die Britse Genoutsknp is van die toekeiining in 
kennis gestel. 

7. British Association Medal /-Mkdalje, 194.3. — The Council of 
tlxe British Association has awarded the British Association Medal 
and Grant to Miss K. Pentz for her paper entitled The Cranial 
Morphology of the Neotropical MicTohyiid (Anura) Elachistocleist 
(Halts (Schneider).** 

Die Raad van die Britse Genootskap het die British Association 
Medal ** en Skenking toegeken aan ]\Iej. K. Pentz, vir huar losing 
gotitel ** Die Skedelvorinleer van die Neotropiese Microhylid (Anura) 
Klachisiodeis Ovalis (Schneider).’* 

8. Donations /Gipte. — The thanks of the Association are due to 
the Honourable the Minister of Finance and of Education for a grant 
of £250 towards the expenses of the publication of the Journal, and 
to the Johannesburg Municipality for a grant of £100. 

Die Genootskap spreek sy dank nit aan Sy Ed. die Minister van 
Finaiisie en Onderwys vir ’ii gif van £250 tot die onkoste van die 
uitgawe van die Journal, en aan die J ohannesburgse Munisipaliteit 
vir 'n toclae van £100. 

9. Secretarial Ffes/Srkretariaat-honorariuh. — Following a 
request from the Associated Scientific and Technic^al S(x*ieties of South 
Africa, your Council- has increased the secretarial fees paid to the 
Associated Societies from £15 per month to £20 per month, to heli» 
in paying the coat of living allowances to their present staff and the 
allowances to members of the staff on active service. The increase is 
a temporary one, and came into effect on 1st May, 1943. 

Ingevolge ’n versoek van die “ Verenigde Wetenskaplike en 
Tegnieae Vereniginge van SuidyAfrika ” het u Raad die Sekretariaat- 
honorarium, wat aan die vereniginge betaal word, van £15 per maand 
tot £20 per maand verhoog, as *n bydrae tot die lewenskostetoelae 
vir hulle huidige personeel en die toelae aan lede van hulle personeel 
wat op aktiewe diens is. Dio verhoging is tydelik en dateer van 
1 Mei 1943. 

10. Policy of the Association/Belbid van die Genootskap.-— T n 
accordance with the policy of the Association as enunciated in the 
Report of Council for the ^ear ending 30th June, 1940 (Vol. 37, p. vii), 
providing ** that both official languages shall receive equal recognition 
and that this principle shall be given practical effect as far as the 
financial position of the Association allows,” the Council has decided 
that the title pages of the Association’s .Journal and Bulletin, the 
Annual Reports 'of the Council and Officers of the Association, and 
the Minutes of "Annual General Meetings shall appear in English and 
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Afrikaans. Already a number of paragraphs of an official nature 
in Bulletins Nos. 2 and 3 of the past year have been published in 
both languages, and the practic'e will be continued in Volume 40 
of the Journal and in subsequent issues of the Bulletin. 

Ooreenkomstiff die beleid van die Genootskap, soos uiteengesit in 
die Verslag van die Raad vir die jaar tot op 30 Junie 1940 (Deel 37, 
Bl. VII), wat bepaal Dat beide amptelike tale gelyke erkenning sal 
kry en dat hierdie beginsel prakties toegepas sal word vir sover die 
geldelike toestand van die Geiiootskap dit toelaat,” het die Raad 
besluit dat die Titelbladsyc van die Genootsknp se Journal en Bulletin, 
die Jaarverslae van die Haad en Ampsdraers van die Geiiootskap, 
en die Notiile van Algemene Jaarvergaderinge, in Kiigels en Afrikaans 
sal verskyn. ’n Aantal paragrawe van ’n amptelike aard in Bulletins 
Nos. 2 en 3 van verlede jaar is alreeds in beide tale gepubliseer en 
hierdie beleid sal in Deel 40 van die Journal en in volgende uitgawes 
van die Bulletin voortgesit word. 

11. Annual Meeting /.I aarvkrgadeking, 1943. — In accordance i\ith 
the instruction given at the Annual General Meeting in 1942, your 
rouncil again arranged a .short session to be held in .lohannesburg 
at the end of June. The meeting has occupied the two days, 2Hth 
and 29th June. A symposium on ** iSocial Security in South Africa 
under the Existing Economic System” had been planned for a third 
day, but the arrang<»inents broke down on ai'count of the incidence 
of the General Election. 

Ooreenkomstig die instruksies op die Algemene Jaarvergadering 
in 1942 het u Raad weer kort sitting georganiscer, ivat op die 
end van Junie in Johannesburg gehoii sou word. Die Vergadering 
het twee dac, 28 en 29 Junie, in beslag goneein. ^n Symposium oor 
“ Bestaansekerheid in Suid-Afrika onder die huidige okonomiese 
stelsel ” was bedoel vir ’n derde dag, maar die reelings het, ween*' 
die Algemene Verkiesing, in duie geval. 

12. The New Council /Die XrvrR Raad. — On the basis of member- 
ship provided in the (Constitution, Section 22, the numbers of member^ 
of Council assigned for the distribution of each centre during the 
ensuing year should lie distributed as follows: — 

Die aantal Raadslede vir elke .sentrum, gediireiide die volgende 
jaar, moet, soos in die Statute, Artikel 22, bepaal, op die basis van 


die iedetal as volg verdeel word : — 

Transvaal : 

Witwatersrand 14 

Rretoria ... ... 6 

Outside Districts /Buitedistrikte 1 

Province of the Cape of Good Hope : 

Cape Peninsula and District /en Distrikt ... 6 

Stellenbosch and District /en Distrikt ... 2 

East London and /on Port Elizabeth 1 

Grahamstowii, Kingwilliamstown and District/ 

en distrikt 1 

Kimberley 1 

Oudtshoorn 1 

Outside Districts/ Buitedistrikte 1 

Natal : 

Durban and District /en Distrikt 3 

Pietermaritzburg and Outside Districts /en 

Buitedistrikte 2 

Orange Free State : 

Bloemfontein and District /en Distrikt 1 

Southern Rhodesia 1 


41 
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13. Honorary Auditors /Eke-Oitditevrs. — The thanks of the 
Association are again due to Messrs. Alex. Aiken & Carter, who have 
been Honorary Auditors to the Association for many years, for 
<*arrying out the audit for the year 1942-194.S. 

Nogmaals spreek die Gonootskap sy dank uit aan die firma 
Alex. Aiken en Carter, wat al jare lank ere-ouditeiirs van die 
Genootskap is, vir die ouditering vir die jaar 1942-1943. 

34. Sbcretahiat/Sekretariaat. — The Associated Scientific and 
Technical Societies of South Africa continue to act as Assistant 
General Secretaries of the Association, and your Council would like 
to express its appreciation of these services, and particularly to thank 
Mr. A. J. Adams and Mr. T. "M. Sinclair for the assistance they have 
rendered. 

Die Verenigde Wetenskaplike en Tegniese Vereniginge van Suid- 
Afrika bly as Assistent-Algeinene Sekretnrisse van die Gonootskap 
ageer en u Raad wil sy waardering van hiordie dienste uitsproek en 
in l)esonder Mnre A. J. Adams en F. 'Si. Sinclair bcdaiik vir die hulp 
wat hulle verleen het. 


RKPOKT OF IIONOUAIIY GENKRAL THKASURKR FOR THE 
YEAR ENDED 31 st AFAY, 1943. 

The Income and Expenditure Account reflects a satisfactory result 
for the year. While the .Jouknal expenses are £42 more than last 
year, most of the other figures on the expenditure side are similar to 
last year. The income from subscription is, with arrears, £57 greater. 
The excess of income over expenditure is £173, nhich is £31 less than 
that of last year — a v<*ry satisfactory position in these abnormal times. 

Next year the Association will ha\e to meet increased expenditure 
in connection with the printing of the .Journal and, in addition, as 
explained in the Annual Report, it is called upon to meet an increased 
charge of £60 in secretarial fees on account of (‘ost of living and 
military allowances. 

The thanks of the Association must be expressed again to the 
TTnion Department of Education for the continuance of the grant of 
£250 towards Jcurnal expenses and to the City Council of Johannes- 
burg for again contributing so generously. 

JAS. GRAY, 

Honntaru Gmaal TrraHurpr, 

VERSLAG VAN DIE ERE-ALGEMKNE PENNFXflMKESTER, 
VFR DIE JAAR TOT OP 31 AlEl 1943. 

Die Tnkoniste- en Uitgawerekening gee bevredigende resultaat 
vir die jaar aan. Terwyl die Jourual-onkostc £42 nicer is as verlede 
jaar, is die ander bedrac aan die Uitgaafkant dieselfde as van die 
vorigo jaar. Die inkomste van ledegeld is, saam met agterstallige 
bedrae, £57 meer. Die verskil van Inkomste bo Uitgawe is £173, 
wat £31 minder is as verlede jaar — ’ii baio bevredigende toestand in 
hiordie abnormale tye. 

Aanstaande jaar sal die Genootskap grotcr uitgawe he in verband 
met die druk van die Journal en boonop, soos in die Jaarverslag 
verduidelik, sal ’n addisionele bedrag van £^ vir Sekretariele onkostc 
betaal moet word vir lewenskoste- en militdre toelae. 

Nogmaals moet die dank van die Genootskap uitgespreek word 
aan die Unie-Onderwysdepartement vir die vernuwing van die 
skenking van £250 vir Journal-onkoste, en aan die Stadsrnad van 
Johannesburg vir sy herhaalde milde bydrae. 

(Get.) JAS. GRAY, 

' Ere-Algemene Penning meester. 
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VKaSIAO VAN DIE BRE-BIBLIOTKKABIS. 


REPORT OF THE HONORARY LIBRARIAN FOR THE YEAR 
ENDED 31st MAY, 1943. 

VERSLAG VAN DIE ERE-BIBLIOTEKARIS VIR DIE JAAR 
GEEINDIG 31 MAY, 1943. 


The Association’s Library is housed in the Library of the Uiiiver- 
city of the Witwatersrand, Johannesburg. 

Die Geuootskap se Biblioteek word in die Biblioteek van die Univer- 
siteit van die Witwatersrand, Johannesburg gehiiisves. 

Hours ojf Opening /Urb. 

• Weekdays I Weekdae. Term / Semester : 8.30 a.m. /v.m. to/tot 

6 p.in./n.m. 

Vacation / Vakansie : 9 a.m. /v.m. to/tot 
5 p.m. /n.ni. 

Saturdays/ Sat eidac Term / Semester : 8.30 a.m. /v.m. to/tot 

12.30 p.m./n.m. 

Vacation / Vakansie : 9 a.m. /v.m. to/tot 
12.30 p.m./n.m. 

Exchange op Publications.— During the year the following names 
wero added to the exchange mailing list: — 

Ruilino VAN PuBLiKASiES. — Gediirende die jaar is die volgendo 
name aan die ruilingsadreslys bygevoeg : — 

Royal Society of New South Wales, Sydney, Australia. 

vScction of international exchange, All-Union Lenin Library, 
U.S.S.ll. 

Society tor cultural relations with foreign countries, U.S.S.R. 

Donations. — In response to an appeal for back volumes of the 
Journal j volumes were kindly donated by the following: — 

Geskenke. — I n antwoord op ’n beroep vir vorige bande van die 
Journal, ig bande deur die volgende wclwillend goskenk : — 

Mrs./Mev. J. F. Solly. 4, 1907; 5, 1908; U-20, 1917-23 
incoinp. ; 33-36, 1936-39 ; 38, 1941. 

Mr./Mnr. B. T. Mennell. 25-38, 1928-41. 

Mr./Mnr. G. Ingham. 28-29, 1931-32 ; 35, 19.38. 

Prof. L. F. Maingard. 31-35, 1934 .38. 

Sales. — Part set-s and back volninos ot the Journal to the value of 
£32 6s. were supplied on orders received from the C.N.A., the F.W. 
Faxon Co., the School of Agriculture, Khartoum North, and Dr. L. H. 
Wells. 

Verkopings. — Gedeeltelike stelle on vorige bande van die Journal 
ter waarde van £32 6s. is gelower op bestellings van die C.N.A., the 
F. W. Faxon Co., die School of Agriculture, Khartoum North, en Dr. 
L. H. Wells ontvang. 

Stock. — The Library now contains about .3,600 volumes, and 180 
different titles are received currently. 

VooBRAAD. — Die Biblioteek besit non omtrent 3,600 bande, en 180 
vorskillende titels word lopend ontvang. 

Aookssions to Serial Publications / Aan winste tot Periopieke 
PUBLIKASIES 1942/43: — 

American Association for the Advancement of Science. Bulle- 
tin. 2, 1943+, 

Monthly Science News. No. 10, May, 1942+. 
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l^or a Catalogue of serial publications in the Tjibrary, and Supple- 
ment. see this Journal, Vol. 30, p. xxv-xxix and Vol. 34, p, xxxiv- 
xxxvii. Subsequent accessions are listed in the Annual Report. 

Vir *n ka^logus van periodieke publikasios in die Biblioteek, en 
Supplement, sien hierdie Journalj Band 30 bl. xxv-xxix en Band 34 
bl. xxxiv-xxxvii. *n Lys van latere aanwiiiste word in die Jnarlikse 


Verslag gegee. 


P. FREER, 

Hon. Librarian/ Ere-Bi!)liotekaris. 
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THKODORK REUNKRT, 0.Litt., M.I.C.E., M.l.M.E. 


J)r. Reunort was born in Leeds in 1856 and died in 
Durban in the house of his son Mr. P. J. Rennert on the 
21st January, 1943, at the age of 86. He served an appren- 
ticeship in mechanical engineering in Leeds and received 
his education in the Yorkshire College of Science, now the 
University of L^ds. He came to South Africa in 1879 
anti settled in Kimberley, where he practised as an engineer 
for about 10 years; lie removed to Johannesburg in 1888, 
establishing tlie firm of Rennert <fe l-.eiiz in partnership 
with the late Mr. Otto Lenz. 

Dr. Rcuiiert was one of the principal workers both before 
and after Union for the provision of university, technical 
and secondary education in tho Transvaal, and one ol the 
loading representatives of culture in Johannesburg. 

In 1891 he became one of the founders of the South 
African Association of Engineers. In 1895 a Council of 
Education was lornied, and of this Dr. Rennert was one 
of the original members and chairman for several years. 
His connection with the Association lor the Advancement 
of Science is best uescrihed by tho lol lowing extracts from 
Professor John ()rr*s presidential address at the Eifteeuth 
Annual Meeting in July, 1917, viz: — 

In July, 1901, a meeting at C^ape Town called on the 
initiative of Mr. T. Reuiiert decided upon an annual 
('ongress of engineers. Alter further discussion, it was 
decided to enlarge the scope and form an association 
on tlie lines of the British Association, i.e. that a congress 
should he held annually at various centres ... to cover 
the various brain lies of scientihe and technical know- 
ledge.” ” In June, 1902, there ivere 268 foundation 
meinhers, . . . the Transvaal, Orange Free State and 
Natal being directed from Jobnnnesburg, while to Cape 
1 own were allocated Cape Colony, Rhodesia and the rest 
of South Africa. To Mr. Rennert and Dr. Gilchrist, 
wJio undertook the pioneer work as honorary secretaries 
at these respective centres, luiist be accorded the 
unstinted praise of our Association.” 

Dr. Rennert w^as a ioundation member and an lionornry 
life member of the Association, and president of the 
Association iliiriiig the visit of the British Association in 
1905. 

His great interest in technical and university education 
"was already recognised in 1902 when he was a member 
of the committee appointed by the Transvaal Government 
for the consideration of technical education. This com- 
mittee reported in 1903, and a Commission — including Dr. 
Rennert— was then appointed to consider and report on 
university education. The Transvaal Technical Institute 
was established as a result of this Commission’s work and 
Dr. Reunert became a member of the first Council of the 
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Institute. Later when the University of tlie Witwatersrand 
was established he became a member of the University 
Council. 

In 1906 he was a member of the Transvaal Government's 
Secondary Education Commission which resulted in tlie 
foundation in Johannesbur}^ of three High Schools, viz., 
the Johannesburg High ^hool for Girls, King hklward 
VII. School and the Jeppe High School. During the whole 
of the period 1907-1916 when a Government Council of 
Education was in existence in conformity with the Smuts 
Education Act, Dr. lleunert served as a 'member. He also 
took part in the formation of the South African Lectures 
Committee, which arranged for the lecture tours in South 
Africa of the Right Hon. H. A. L. Fisher, Professors 
Thomson and Balfour and Sir Walter Raleigh. He was 
also for several years chairman of the old Subscribers' 
Public Library, In 1922 the University of the Witwaters- 
rand conferred upon him the Honorary Degree of D.Litt. 
in rei'Ognitioii ot his life-long services to ediu'ntion and 
culture. 

Dr. Rennert was married and had four sons, his wife 
dying in 1921, and three sons now surviving. 


THOMAS NICHOLAS T^SLIK, D.Sc., F.G.S., 
F.R.Met.S. 


Thomas Nicholas Leslie was born at Nottingliain in 
England in 1868 and died at Vereeniging in South Africa 
on the 6th September, 1942, in his 84th year. At an early 
age he suffered the loss of both his parents, and, leaving 
school at eleven with only an elementary education, he 
was compelled to earn his own living and found emplo>- 
ment in a brickworks. He* was later apprentic'ed to a 
builder. In 1881 he left England to come to South Africa, 
where he was employed in building coiistruetion at various 
places. When he had 8av€*d up the amount of £150 he 
made up his mind to see the country thoroughly, and so 
he stopped work, bought a horse and travelled about until 
his savings were exhausted. He then spent some years 
in Pretoria, but in 1892 went to Vereeniging to erect new 
buildings for the coal mine and brickworks and there he 
settled down. Vereeniging in those days was u very small 
place, but with its valuable natural resources it euinineiiced 
to grow rapidly. Dr. Leslie was very closely connected 
with its development and is looked upon as one of the 
founders of this now very important town. He was a 
member of the first local government body, the Health 
Board, constituted for the town. When owing to the 
growth of the town this was replaced by an Urban District 
Board he was a member of that body and became its 
chairman. When Vereeniging was proclaimed a muni- 
cipality he was on its Council and was the Mayor of the 
town from 1904 to 1917 and again from 1926 to 1929.^ He 
was also elected president of the Transvaal Municipal 
Association on two separate occasions. 
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He took a great interest in educational matters and was 
instrumental in founding the Seiborue School at Vereen- 
igiiig, of whose committee he was chairman for 30 years. 
He was also on the governing body of King Edward VII. 
School. He was on the Technical Collego Council and 
opened the Technical College at Vereeniging. He founded 
the first Public Library for Vereeniging, actually starting 
it in a room of his own house and mainly with his own 
lino collection of books. 

Municipal government and educational matters, however, 
did not represent hy any means all his activities. He \ras 
deeply interested in the natural sciences, and in particular 
made extensive collections of fossil plants found in the 
vicinity of Vereeniging. He also collated and cultivatccl 
the succulent plants of South Africa. He discovered a 
most interesting wiiidow'plant, Liihops Jjesliei, and another 
striking succulent plant, Argyrodernia Lesliei, was named 
in his honour. His interest in botany and paltec)hotan> 
brought him into contac*t with overseas authorities on these 
subjects, such as N. E. Brown of Kew and Professor 
Seward of Cambridge. 

Dr. Leslie mailo a fine series of photographs, exactly 
to scale, of South Airican succulent plants, ami lus photo- 
graphs have been used t<i illustrate many works on botany. 
The excellence of lus plant photographs was recognised 
when a display of them at the Empire Exhibition at Johan- 
nesburg in 1936 was given an award hy the Johannesburg 
Photographic Society. He also made an excellent series of 
photograiihs of clouds and lightning flashes, and was very 
successful in photographing the sijcctruin of lightning. 
Erequent reference to Dr. Leslie’s scientific work is to be 
found in many text-books, and tlie conleniiont upon him 
of the honorary degree of Doctor of Science by tho 
rnivorsity of the Witwatersrnnd in 1931 was well merited. 
He W’as an active uicniber of the South African Association 
tor the Advancement of Science, joining it in 190.3 shortly 
after its inception. In 1926 he w^as viee-president of the 
Association, and in 1929 lie represented South Africa as 
vice-president of Section (1 of the British Association 
during their visit that year. 1’he Association further 
lionoured him by election to an honorary life rnemlierahip. 
He was a very prominent iiieiiibcr of the Geologi(‘al Society 
of South Africa, serving on tlie Council for many years 
and being president in 1921. 

Dr. Leslie led a very full life for his interests were 
many. He also possessed the ability to inspire others 
with his love of nature, and many people owe a greater 
interest in life to his influence. It may well be said of him 
that the world w’as richer for his presence. 


H. K. W. 
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THK KKV. WILLIAM FLJNT. DA). 


On tho 18th February, 1943, the Hev. Dr. William Flint, 
a foundation member, life member niul past president of 
the Association, passed away at his home in Kosebank, 
Cape Town, in his 89th year. 

Dr. Flint was born at Staiibridge, Belfordshire, in 1854, 
was ordained to the Ministry of the Wesleyan Methodist 
Church in 1882 and held a number of np]>ointmonts in 
England until his health failed in 1889 and he came to 
South Africa. Here ho servecl at Colesherg, Maritzburg 
and Ca|)e Town and finally settled at Uosehank, where he 
spent his life. In 1892 he married Miss Margaret 
McGregor, daughter of Alexander McGregor of Rondebosch 
and Kinioerley, and is survived by his wife and five 
cliihlreii, to w'hom the sympathies of the Association are 
extended. 

In 1896 he founded and liecame the first editor of “ The 
Methodist (Miurcliimui,’’ and he established the Methodist 
Theological College at Mowbray, of which he was Honorary 
President until it was closed in 1939. In 1901 he was 
appointed Librarian of Parliament, a post which he held 
for 20 years. From 1903 to 1907 ho was editor and 
co-editor of tl » Journal of this Association, became 
president of Section F in 1910 and president of the .\ssocia- 
tioii in 1919. The Royal Society of South .Vfrica and the 
British Association also claimed him ns a member. 

fiitensely interested in ediieational m.atters, he servc‘:l 
for 33 years as a lueiiiber of the Couneil of the Cniversity 
of the Cape of Good Hope (later the Cniversity of South 
Africa) and ns Examiner, Avas a member and at one tiintj 
ehairmaii of the Huguenot Fniversity College and one of 
the founders of the Uondehoseh Boys’ High vSchool. 
Dr. Flint was a eo-editor of “ Science in Soutli Africa,*' 
editor of tho “ S.A. Science Reports,” joint-secretary for 
the Inter-CoIonial Conference on ITniversity Kducation in 
South Africa, metnber of the Archives Commission and 
author of ** Archives as a National Asset,” Some Finan- 
einl Features of the Canadian Ediieational System,” and 
“ The Tjogal and Eeonoinie Bases of Some Colonial Teaching 
Vniversities.” 

By many Dr. Flint will ever he remembered for his 
ehnrming personality, his versatility, his sympathy w'ith 
humble eaiises, his courage and the many sen’ices he so 
readily and cheerfully rendered to the public. Within the 
Association liis happy presence, inlorest in the problems 
of ediicatioii and wise counsels will be greatly inissed. 

A. L. D. T. 
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WILLKM HKNDRIK LOGTEMAX, M.A. 


A son of Profesor W. S. Logeman, wlio was Professor 
of Modem La^uages at the South African College (now 
University of Cape Town), Professor Logeman was born 
at Bockferrv, England, where his father ta^ht before 
coming to South Africa. After studying at CSpe Town, 
where he took the M.A. degree, he went to Cambridge, 
where for three years he was a research student and 
worked under Sir J. J . Thomson in the Cavendish 
Laboratory. On returning to South Africa he took the 
place of Sir CaiTuthers Beattie at the South African College 
for one year. From Cape Town he went to Bloemfontein 
as Professor of Physics in Grey University Collie 
(University College of the O.F.S.), where he taught for 
27 years. He died at the comparatively early age of 61. 

Professor Logeman was a clear and interesting lecturer, 
both to his own students and to general audiences in the 
many extension and other lectures which he gave outside 
the College. He was hampered in his work at Bloem- 
fontein througli want of adequate assistance, laboratory 
space, and equipment, but he succeeded in oveicomi^ the 
main difficulties and in inspiring his students with his own 
interest in scientific research. He was an expert designer 
and maker of scientific apparatus of various kinds, and 
spent much time in his workshop supplying the most 
necessary equipment for his department. He represented 
the Senate of G.U.C. for some years on the Council, and 
in this capacity did excellent work for the College and 
for his colleagues. 

Profe&isor liOgeman joined the South African Association 
as early as 1903. Ho was a life memlier of the Association, 
President of Section A at the Bloemfontein meeting in 
1923, and he gave the Evening Discourse at Bulawayo in 
1911 (on the gyroscope). His untimely death is mourned 
bv a large I’ircle of friends and colleagues. 

^ T.M.F. 


BEKTHA STONEMAN, D.Sc., Ph.D. 


In the passing of Dr. Bertha Stoneman South Africa 
has lost not only one of her pioneer botanists but a true 
South African who adopted this countiy as her own and 
spent nearly halt her life working in its educational 
interests. 

A farmer’s daughter, born at Jamestown, U.S.A., on 
the shores of Lake Chautauqua, in August, 1866. 

Stoneman early showed exceptional mental ability. 
She graduated at Cornell University, where she obtain^ 
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her D.Sc. and PIi.D. In 1897 she t-ame South Africa 
as Lecturer in llotany to the newly eHtablishcd Huguenot 
College tor Girls at Wellington — came for 1 year and 
stayed 36. She at once became absorbed in the study of 
the Cape flora and spout her free time sctturing the moun- 
tain sides for plants, with which she built up a substantial 
herbarium. By dint of hard work and perseverance she 
gradually overcame all obstacles and snci'cedod in estab- 
lishing botany at Huguenot 'on a sound footing. She soon 
became an authority on South African botany, and in 1906, 
at the request of the IMucatiou Department, published 
tlie first edition of lier hook “ Plants and Their Ways in 
South Africa,*’ which for many years was used in schools 
at the Cape. To Dr. Stoneiiian botany was a li\iiig subject 
and she imbued her students with licr emthusiasm. From 
her lectures a band of graduates w'ent oiu qualified to take 
up responsible posts, social as well as academic, through- 
out the leiigih and breadth of the land. 

[n 1921 Dr. Stonemnn .succeeded Dr. Bliss as president 
of the Huguenot University (’ollege. Never \ery strong 
and already overburdened with the responsibility of the 
Chairs of both Botany and Philoso])hy, she nevertheless 
took oil the additional administrative and social duties. 
The strain, however, proved too great, and she was 
reluctantly obliged to relinquish the botanical work. She 
retired in 1933. It was her intention to settle in the 
United States but, after a short \isit, she realised that 
South Atrica lield most of her friends and interests and 
she returned to this country. Here she remained af Bains- 
kioof, where she had recently built a home and was living 
with a former student wdio did much to brighten the last 
years of her life. She passed away on ,*JDth April, 1943. 

Keoiily interested in science, philosophy and stiulcut life. 
Dr. Stonemaii at one time took an actne part in many 
scientific and academic organisations. In JflOo she became 
a life member of the Association for the Advancement of 
Science, frequently taking part in the Annual Congresses 
and serving as president of Section C (Botany) in 1923; 
she was al.so the first president of the South African 
Association of T’niversity Women. 

Dr. Stonemaii wull be reineinhered not so mucli for her 
published w’ork as for wdiat she did in the interests of 
the higher edueation of women in South Atrica. Through 
her influence and help many students rc’ceived the benefits 
of a nni\ersiiy education. By them she will alw'ays be 
remembered with affection for the personal interest she 
took in their welfare. Kindly, unsolHsh and generous, no 
appeal for assistance ever fell on deaf ears. Dr. Stoneman’s 
absorbing interest to the very end w’as the Huguenot 
University College, and for it '^he sacrificed time, money 
and health. 


A. M. B. 
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BEllNAllD DK COLIGXY MAHCHAND, D.Sc., li,A. 

Dr, Mnrcliaiid, clieiiiist to tlie Department of Agricul- 
ture, Division of Chemistry, became a member of the 
Association at the Annual Meeting in Pretoria in 1915. 
A few years later he contributed the first of many papers 
to the proceedings of the Annual (^ongress and was pre- 
sident of Section fi in 1925. In 1922 he became a member 
of the Council of the Association and served in that 
capacity in Johannesburg, Pretoria and Cape Town in 
succession at various times for 12 years until his death 
on the 19th December, 1942, at the comparatively early 
age of 57, following an emergency operation. 

Dr. Marchand received his education at the University 
of Edinburgh, where he graduated as D.Sc. On his return 
to South Africa he entered the Agricultural Department 
of the Union Civil Service and specialised in agricultural 
chemistry, in wliicfi he rapidly became a recognised 
authority on questions affecting soil fertility, particularly 
in the domain of the physical properties of soils, and he 
('Oiitrihuted a number of papers on this subject to tlie 
A ssociatioii ' s proceedings . 

It is through liis work on ** The Sticky Points of Soil- 
AVator Mixtures ” that the contacts made by correspondence 
with overseas agricultural research workers, such as those 
at llothamstead and in Ireland developed at the joint 
meeting of the British and South African Associations in 
1929 into friendly co-operation in the solution of common 
problems. 

Kequirenieiits ’ of llie Government Service led to liis 
transfer from Pretoria to Cape Town in 1926, and some 
years later to a return iii order to take charge of the 
Government Chemical Laboratories at .fohannesburg, and 
finally to his return to Cape Town. Dr. Marrliand was 
an ovitstanding chemist, and exercised a marked influence 
on the work of the Government institutions with which he 
was associated. No one could come in contact with him 
without being impressed by his ability, by his obvious 
sincerity and by his determined championship of wliat he 
held to be right. In his spare time he read widely and 
well, remembering clearly and often quoting accurately 
from his reading many years before. 

This tribute would be incomplete without a reference 
to his great knowledge of Afrikaans, on which subject he 
was regarded as an authority. He was particularly active 
in the translation of old documents belonging to the days 
of the Transvaal Beiiublic, and was associated in that 
respect with ]Mr. and ^frs. Gray in their historic work 
on the discovery of the Witwatersraiid Goldfields. 

His loss has been deeply felt by his friends and in 
scientific circles in this country and overseas. His widow 
and daughter sundv'e and to them the sympathies of the 
Association arc extended. 


G.F.B. 
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THE FILM IN BIOLOGY 

BY 

Dr. a. Pijper, 

President. 

President's Address delivered 28th June, 1943. 

Tradition demands that a presidential address shall appeal 
to a wider circle than one's own professional colleagues, and 
at the same time reflect some of the professional activities of 
the president. Now I am a registered medical practitioner and 
my profession is medicine, but I am quite sure that when 
you did me the great honour of electing me president, you did 
not expect me to address you on the subject of human ailments. 

Medicine to me is a branch of biology, and as we all go 
to the bioscope at times, it seemed to me that the subject 
of The Film in Biology would meet the requirements of a 
jiroper presidential address. Moreover, T take a great, or even 
an active interest in biological films. 1 believe in the future 
of the film in biology, so much so that I'll venture to make 
a prophecy here and now. I expect that very soon presidential 
addresses by biologists, and probably also by other scientists, 
will take the form of sound films. Audiences expect more and 
more not just to listen, but also to see. By then, of course, 
we shall have to invent a new term, fof it would never do 
to announce that on such and such a date the president will 
deliver his presidential “ talkie;" we shall need a more solemn 
word. The film is a new international method of publication 
and communication in biological matters, comparable to the 
formula in mathematics and chemistry. It will become the 
method of choice in education, and it will also serve as a new 
research method. 

Aly chosen subject has not much of a history. This is an 
advantage. June and July are uneasy months for ancient 
scientists, on account of the many scientific congresses held 
during that period. ' I don’t mean that they keep on revolving in 
their graves on account of the heresies that we commit. I mean 
that so many presidential addresses have to trot out the ghosts 
of Aristotle and Newton to get going. Be reassured, no such 
ghosts are walking to-night. We need not go back' far for the 
originators of filming', many of them are still with us, and 
anyhow, I am more interested in the future than in the past. 

• But it is noteworthy that filming had its origin in biological 
curiosity. Does a galloping horse ever have its four feet off 
the ground at the same time? That was the somewhat trivial 
1 
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problem that Muybridge, an American, solved in 1872, by putting 
twenty-four ordinary cameras in a row and making a horse 
gallop past. The horse itself, in passing, by means of stretched 
wires worked the shutters. The result was perhaps not quite 
a film, because it was not meant to be projected, but as it 
eventually was, we may put down the seventies as the birth 
years of the film. In Muybridge’s work then we already have 
the two elements that make a film : analysis by a rapid succession 
of photographic pictures, and a suitable synthesis of the pictures 
on a screen. An American engineer named Heyl, had designed 
a projecting apparatus in 1870. But it should not be forgotten 
that the idea on which the projection of a film is based dates 
from Boget. Boget, an Englishman, showed in 1824. that the 
human eye remembers a picture for a short time. A series of 
pictures of motion, presented to the eye in chronological order at 
the rate of about sixteen per second, therefore, give the impres- 
sion of continuous motion. This idea by itself gave rise to the 
production of the kind of peepshows that some of us remember 
as penny-in-the-slot machines at seaside places, and these were 
in a sense the humble precursors of Walt Disney’s brilliant 
work, for they showed a series of continuous drawings, not ot 
photographs. 

Such then are the foundations of all film w’ork. I shall 
not weary you with details of further developments. How the 
twenty-four cameras became one camera, how Edison put the 
photographic pictures on a belt, how Eastman invented the now^ 
so common photographic film, all that makes a long 8tor\ of 
which 1 must leave out details. Further improvements followed, 
connected with various names, amongst whom the Lumiere 
brothers should be specially mentioned. If you want further 
dates, let me say that round about 1900, film making and 
projection were in principle more or less established as we know 
them now. Important technical improvements have since been 
added to the various processes, and sound films and colour 
films have come in, but the last two items are not even regarded 
as improvements by everybody. As a form of entertainment, 
the film has risen to great heights, but its use in science has 
not been so phenomenal. There are few books on my subject 
and overseas channels of information being more or less blocked 
at the present time, I can only give you a scrappy idea of 
the progress of scientific films. 

Life being movement, biologists must have been attracted 
by the new method of recording and reproducing movement. 
It seems that Dr. Braun of Vienna, filmed the moving mam- 
malian heart in 1897, and in the same year Schuster of Berlin, 
filmed the abnormal gait of patients. The next year, 1898, 
saw the filming of the first surgical operation by Doyen, the 
famous French surgeon. Doyen wanted to study the movements 
of his own hand, but a dispute arose as to the ownership of 
the film and it ended its life as a sideshow at village fairs 
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and markets. And so we shall never know whether it was 
true what some people said, viz. : that Doyen had himself filmed 
in what novels called faultless evening dress. 1 do not believe 
it. But Doyen’s film efforts were not popular with his 
colleagues, and the work was discontinued. Strange to say, 
very little use was made of the film tot purely scientific 
purposes in the first twenty years of this age. This should make 
our admiration all the greater for the few workers who had vision 
and realised the possibilities. 1 shall just mention Comandon, in 
Paris, who was the first to attach a film camera to a microscope 
in 1909, and made microcinematogfaphic pictures of microscopic 
objects that are supposed not to have been excelled to-day. 
Between 1920 and 1930, more biological work was done with 
films, but the chapter in Abderhalden’s “ Handbuch der 
Biologischen Arbeitsmethoden dealing with the subject in 
1931, is only just twenty pages long, of which microcineina- 
tography gets a few pages only. As there seem to be no compre- 
hensive books of a later date, it is difficult to assess what has 
been done since. One has to fall back on occasional papers in 
scientific journals of various kinds, and then there is an impor- 
tant source of information provided by booklets published by 
firms that deal in apparatus for the purpose. It is not easy to 
keep track of these publications, and the respective journals 
are often difficult of access. My search left me with two 
impressions. One is surprise at the splendid work that has 
here and there been done on biological scientific films, and the 
other is disappointment at the lack of co-operation, both in the 
work and in the distribution of the films. There are obviously 
many excellent films that hafdly ever see the light of the 
projector. 

The word projector reminds me that I have rather barged 
into my subject without much explanation. As there must be 
many jDotential film makers amongst you who have abstained 
from active participation on account of supposed technical 
difficulties, it will be profitable to go into technical matters for 
a bit. 

It is startling, but true, when I say that in many ways 
it is easier to make films than still photographs. But, to produce 
really good films is at least as difficult as to produce excellent 
still photographs. The camera never lies, but it also never 
forgives, and no photographic picture is ever better than it should 
be. It follows that the first ingredient in the turning out of good 
films is endless patience. Don’t start without that. The next 
essential requirement is a capacity fof self-criticism. As my 
friend Dr. P. J. du TToit once said: “ most research consists 
of failures,” and so it is with most scientific films. Apart from 
occasional lucky shots, one must be prepared to throw away 
reels and reels of film that are not quite up to standard. There 
is no other road to success, and this should be realised from 
the start. Biological objects are stubborn and wayward creatures, 



4 


SOUTH AFRICAN JOURNAL OF SCIENCE. 


of unpredictable conduct, compared to which the moods and 
whims of Hollywood actresses are insignificant. Also, the 
combination of place, time and the loved object is often difficult 
to realise. One should never start on a film unless conditions 
are perfect, but human nature being what it is, one often does. 
It is all these factors that necessitate such severe self-criticism 
before one may show one’s films to the world. 

Considering then our own imperfection and that of the 
biological material to be filmed one should at least aim at having 
the best possible equipment. Imperfect cameras will always jam 
at the least suitable moment. The camera should accommodate 
at least 100 feet of film, to avoid unnecessary delay in changing 
spools, for biological events do not abide our pleasure. The 
changing of spools should be easy and quick, for the same reason. 
Lenses should only be used fof what they are intended, and 
their capacity goes up with their price. 

The controversy as to which size of film is the most suitable 
for scientific filming can now be regarded as settled in favour ot 
the 16 millimeter film. We can leave the 35 millimetef film 
to the professionals who have to fill the screen in halls seating 
thousands of people. Scientific audiences hardly ever exceed 
a hundred or two and can use a screen that is well covered 
by a 16 millimeter film. The 8 millimeter film is usually 
regarded as the size for the amateur, let us say for family 
use. The 16 millimeter film is perfectly suitable for the most 
difiicult scientific work and has the advantage of costing only 
about a quarter of the 35 millimeter or professional size. Also, 
it is so much lighter that it can be moved through the cameru 
at any speed by a wound spring, and the camera lemains light 
enough to be handled with ease in situations which preclude 
the use of the 35 millimeter camera. Especially with the 
extremely good highly sensitive films that have been put on 
the market in recent years by the leading firms, especially by 
Kodak, one cannot do better than use a 16 millimeter camera 
for scientific work. The price of these films is high, hut it 
includes developing or as it is technically called, processing, 
which is a good thing as it prevents one from having a try 
at it oneself, which usually ends in a mess. I think everybody 
nowadays uses so-called positive film, which produces a positive 
picture straight-away, without the need for changing a negative 
into a positive by copying onto another film. 

A hundred foot reel of film, which at the usual speed of 
sixteen pictures or frames a second, takes four minutes to run 
through the camera, costs nearly two pounds. This works out 
at 2d. a second, and with the wastage that is unavoidable in 
filming biological objects, even with the best technique, the costs 
may become very considerably higher. This high cost is the 
reason why so many laboratories fight shy of employing film 
cameras. But the high cost of buying the film is, of course, 
very largely offset by the prolonged use that one can get out 
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of a film once it is made. Of a good film a copy, or as it is 
technically called, a duplicate, should be made at once, again, 
I admit, a rather costly procedure, but in this way the life 
of a film and the pleasure and use one gets out of it is 
extended nearly indefinitely. With proper organisation the 
demand for good films is bound to increase and a market might 
be created in which duplicates could be sold at a little over 
their cost price so as gradually to pay off the original outlay. 
There is already at least one scientific institution in Germany 
that works along these lines. 

To come back to the camera, for microscopic work one does 
not need a camera lens. It is replaced by the eyepiece of 
the microscope and there are firms that will allow one to buy 
a camera without a lens, which usually about halves the purchase 
price. Also, it is not necessary to buy a camera with all possible 
gadgets. What is called dissolves ** and fading out ” and 
fading in may be very effective for entertainment films, but 
they are certainly not essential for scientific work. What is 
essential, however, are devices for higher speeds than sixteen 
pictures a second and for what is called a ** single picture 
mechanism.” These require some explanation. Bichet once 
said that the cinema had made us master of time and place. 
The cinema makes it possible to witness events that have taken 
place miles away, we all know that from the news reels in the 
bioscope. The same of course is done in science. How does 
the cinema make us master of time? The cinema enables us 
to show a phenomenon at its own speed, but also at a much 
higher or at a much lower speed. We can condense an event 
in time, or draw it out. The first is called time-lapse, and 
the other slow motion. If one films an event at the usual speed 
of sixteen pictures a second, and shows it on the screen at 
the same speed, everything happens on the screen at normal 
speed. But if one films a very fast phenomenon at a speed 
of say sixty-four pictures a second, and projects it on the screen 
at sixteen pictures a second, the screen shows the happenings 
slowed down four times, and one has four times as long to 
study the events. This is slow motion and its application to 
scientific phenomena has made the cinema camera into a research 
instrument of which we only begin to see the possibilities. 
Slowing down phenomena four times is not really much, very 
much more has been achieved, but it suffices for many biological 
observations. 

Very slow biological phenomena, of which growth is a good 
example, often are too tedious to watch, and at any rate, nobody 
could keep on observing and recording for consecutive days and 
nights on end. A cinema camera with a single picture 
mechanism combined with a suitable clockwork can be set to take 
one picture, say, every minute. If the resulting film is projected 
at normal speed, on the screen things will appear speeded up 
about a thousand times, and the events of several days ate 
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condensed into a few minutes. This time-lapse method again, 
converts the film camera into a research tool of nearly unlimited 
possibilities, as every biologist after a moment’s thought will 
realise. 

These then are the reasons why a film camera to be used 
for biological purposes should be equipped with varying speeds 
for the movement of the film and also with a single picture 
mechanism. 

Everybody who makes films must of course have a projector 
to inspect his products on the screen. I am afraid that my 
admiration for the modern type of film camera does not extend 
to the usual type of film projector. 1 admit that the good 
ones throw magnificent pictures on the screen, but they are 
difficult to manipulate, one is never free from anxiety that 
something won’t go wrong or break or slip, or burn out, and 
the machine costs about as much as a motor bicycle and often 
makes nearly as much noise. The apparatus is usually not 
capable of showing still pictures satisfactorily, and this precludes 
the close inspection of details of photography, often essential 
in scientific films. On all projectors used for biological scientific 
films, facilities should be present for reversing the film, as it 
is often instructive to trace the development of a phenomenon 
through all its phases by making a film run backwards. And 
perhaps the makers of projection apparatus will one day provide 
an attachment which will allow a short strip of film to be shown 
several times in succession without it having to be threaded into 
the apparatus every time. One often has short lengths of film 
which cannot be judged in any other way. 

And this brings me to what is called the editing of a film. 
Few people are aware of the amount of thought and labour 
that go into the actual putting together of a biological or any 
other film. It rarely happens that one can take pictures in 
the sequence in which they ultimately appear on the screen. 
Scenes go wrong, material is not available at the moment, there 
are all kinds of disturbing influences. As a rule after several 
months of taking shots, one finds oneself ^ith a collection of 
paries which must then be fitted together in orderly sequence. 
Here that capacity for self-criticism comes in. Much film must 
be sacrificed, and many scenes that are not up to standard aie 
to be retaken. Orderliness must grow out of chaos, and maii> 
days often have to be spent before the desired results are 
achieved. This is the time when titles have to be thought 
out and designed and put into place. The quality of a film 
as a whole largely depends on the care with which this editing 
process is undertaken. As to titles, for scientific work they 
should be simple and short, without frills. A film that requires 
long titles condemns itself. 

I shall not go any deeper into the technical side of 
cinematography. What I have told you may give some indi- 
cation of the work involved, and that, given good equipment, 
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the difficulties are not unsurmountable, provided one possesses 
patience and judgment. There are still large fields in biology 
to be explored with the film camera. 

Before we go into what has already been done, it should 
be made clear what the applications of cinematography in biology 
really afe. These are twofold. One is: demonstration, 
instruction or education. The other is: analysis, investigation 
or research. Everybody admits that films as a method of 
demonstration may serve education, but the conception of 
cinematography as a research method of its own, sometimes 
creates surprise. Of course, the two applications merge into one 
another, what is a matter of research to-day is the subject of 
a demonstration tomorrow. Biology being the science of living 
things and cinematography being the perfect method for 
recording movement, one would expect that biologists would have 
taken up cinematography. Such, however, has not been the 
i‘ase for many years, and only recently there are signs of a 
growing interest. My aim to-day is to stimulate this interest. 
Let me deal with the teaching or demonstration aspect 
first. In 1941, ** The Lancet," the famous medical journal, in 
discussing a new film on malaria, which seems to have 
been everything that could be desired in scientific filming, 
went on to say: " The cinema film can be used to convey 
clearly to every member of an audience the details of almost 
any biological process, but academic circles in England have 
hardly noticed this new weapon.*' I have heard it stated 
somewhere else that some university teachers refuse to use 
films because their introduction would make lectures too mu(‘h 
of an entertainment. This, of course, cannot be the sole nor 
the whole argument, there must be other reasons why more 
films are not made and used, but the contention is worth 
examining. We all know that teaching and learning means 
repetition. Things have t6 be hammered into’ our skulls, they 
don’t enter like a flash. Most so-called teaching films are too 
much like a flash, they go past one like a dream, nobody can 
retain much at that speed, leave alone digest. So-called 
scientific biological films one occasionally sees in the bioscope 
often suffer from the additional defect of being too spectacular, 
the makers too readily succumb to the temptation of sacrificing 
instruction to impressing the audience. Cinematography will 
only get into its own as a teaching method when films become 
more leisurely, when the makers will find attractive ways of 
repeating the same information over and over again, or failing 
that, when teachers have the courage of showing the same film 
several times, till it is all taken in. Courage will be required 
for this, for audiences have been brought up to expect novelty 
in a film every time. There are, of course, occasions where 
the film merely serves as illustration, as an addition to the 
spoken lecture. But I think that properly made and properly 
used, the film can, with great advantage take over a good deal 
of ordinary teaching. 
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There is, to begin with, the advantage that the demon- 
stration as given by the film, cannot go wrong. The film also 
can show selected material, not just what has haphazardly got 
into the hands of the teacher. In the teaching of biology, 
this makes the lecturer independent of the actual season, 
independent of the locality, independent of time. And then 
there is the added gain that the pupil sees everything through 
the eyes of the teacher. He gets the angle of the man who 
made the film and naturally that is the angle from which most 
is seen. In my own profession I had this brought home to 
me quite recently. The demonstration of skin diseases to a 
class of students is unsatisfactory, because the lesions show 
their characteristic features only when they are viewed from 
a particular angle and when light falls on them in a particular 
way. At . the Pretoria Leprosy Hospital, Drs. Murray and 
Davison, have recently made a colour film of the dread skin 
disease we call leprosy. Both are experts on the disease and 
Dr. Murray is a very skilful cinematographer and the resulting 
film is a model of what a demonstration of such cases should 
be. In medicine the applicability of the film as a superior 
demonstration method does not end with skin diseases. I have 
for instance, also recently seen a colour film on fiuorosis, the 
chronic poisoning caused by drinking water which affects one’s 
teeth and one’s bones, another production of Dr. Murray together 
with Dr. Ockerse, and this film again showed to perfection the 
curious lesions of the disease. 

In surgery, teaching is handicapped because very few 
students can ever watch an operation so closely that they derive 
any profit, even if the interests of the patient did not forbid 
the close proximity of many persons. It is true that Doyen's 
first efforts at filming operations failed, but since then colour 
film has come in, and that has changed the whole outlook 
completely. In ’America numerous films have already been 
made, in natural colours, of various surgical operations and are 
used in daily teaching. Perhaps one should not speak of natural 
colours yet, and I fully appreciate the witticism of the man 
who said that colour films could only then be called perfect 
when nobody would notice that they were colour films, but 
there is no denying that the advent of colour films has made 
demonstrations possible that were quite impossible before. 
Modem medical appliances enable us to examine inner organs 
by direct inspection, such as ophthalmoscopes, cystoscopes, 
gastroscopes, etc. Naturally only one person at a time can 
have a look. The rapid glances occasionally allowed to students 
are now being replaced by the screening of colour films, and 
here again you will agree that the cinema has made us masters 
of time and place. The nasty remark once made about the 
science of medicine, that it had now progressed so far that 
the same patients could be used over and over again is true in 
a sense, but it also means that some diseases are nowadays 
cured so quickly that it is not always feasible to have suitable 
eases of a particular afBiction available for demonstration, or 
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even, believe it or not, that some diseases are dying out or 
disappearing so quickly that they can hardly ever be demon- 
strated at their proper place in the course. Here again the 
colour film steps in and fills gaps that would otherwise have 
occurred. 

There are already films in existence ^hich depict the 
abnormal behaviour of mental patients much better than words 
can ever describe them, and here again it must be remembered 
that not every teaching institution can produce, for the student's 
benefit, at a moment’s notice, the typical cases required in 
the course of teaching. First aid classes overseas have derived 
great advantages during the past few years from specially 
prepared films which made them familiar with the various lesions 
that may occur as the result of bombing and fire. 

It is customary to regard X-ray pictures as something 
static. This is not correct as valuable information can often 
be gained by studying the shadows of moving organs on a 
fluorescent screen which is activated by X-rays. Here again 
the actual screen can only be seen by one or two persons 
at a time. Recently, however, it has proved possible to film 
the pictures on the fluorescent screen and thus make them 
available to a whole audience. The latest development is that 
some workers in Brazil have succeeded in making slow motion 
pictures of the moving heart as thrown on the fluorescent screen 
by X-rays. 

The field for the development of cinematography in medicine 
and allied teaching is well nigh unlimited. Many progressive 
business firms such as Bayer, have for years used films 
to advertise their wares. There is already a film on the 
production and testing and application of the famous new 
sulfonamide drugs, made by the Lederle firm. 

Coming nearer home and dealing with somewhat simpler 
subjects, the efforts of several South Africans to use the cinema 
camera for biological records and biological teaching should be 
remembered. There could hardly be a more impressive presenta- 
tion of the dire results of neglect, overstocking and bad 
management of rainfall and other factors on South African 
farming than the splendid film of Mr. van Rensburg. I am 
also thinking of the memorable film of the flora and fauna of 
Africa, whi^ Dr. Pole Evans brought home from one of his 
tours. And then there is the collection of films on insect life 
which Dr. Smit of the department of Entomology is building 
up with so much foresight. Our Department of Public Health 
has done its share by making available a number of films on 
public health matters. Working all by himself Dr. Nelson, 
Medical Officer of liealth of Pretoria, has produced a very 
instructive film on the spread of plague. IVIy list of South 
African efforts is by no means complete, there probably are 
many more locally produced biological films in the country, of 
which I have never heard. Especially for the teaching of 
natives, films on subjects like elementary hygiene must be 
' invaluable .and the Governments of Central African countries 
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are using travelling bioscope shows for the purpose. In South 
Africa itself, a good deal of the growing enthusiasm for filming, 
biological and otherwise, and especially for teaching, is certainly 
due to the untiring efforts of Mr. Beyers, the head of the 
Film Division of the Union Education Department, who has 
made a real success of the undertaking entrusted to him, and 
to the farsightedness of Dr. Gie, who was Director of Union 
Education when the Film Division was first started. The 
Division supplies thousands of films every year to our schools, 
many of them biological. 

In other countries more and perhaps bigger and more 
advanced things have been done. In the biological field, Britain 
was fortunate in having its pioneer trio, Mr. Durden, Miss Field 
and Mr. Smith who are responsible for the well-known series 
of “ Secrets of Life ** films. I don’t know whether these films 
have ever reached South Africa, but the still pictures I have 
seen of some of them filled me \^ith admiration for their beauty 
and clarity. I always wonder why we do not get more of 
such films on our bioscope programmes. It cannot be that the 
public is not interested. The experience of the Pretoria 
Technical College Bureau for Adult and Visual Education, 
which has, under the able guidance of Mr. Lounsbury for years 
brought good biological films before the public*, is against such 
a view. 

I have come to the conclusion that this relative neglect 
of biological films for educational purposes which we find in 
so many places where one would not expect it, is largely due 
to lack of organisation. There arc numbers of good films, but 
their distribution is not properly organised. There is an army 
of film makers, but it is an army fighting without headquarters. 
Their products could be compared to the books of a library 
scattered over the whole world, but without a catalogue and 
without an index. 

In preparing this address I have done my best to collect 
information about biological films in existence in other parts 
of the world. This proved exceedingly difficult, and not just 
08 a result of war conditions. 

Sources of information about scientific films are few, and 
especially older films are difficult to trace and much good work 
seems irretrievably lost. An ambitious effort made by the Italian 
Government in 1928, to bring order into chaos by establishing 
an International Institute of Educational Cinematography and 
a Film Encyclopaedia came to very little, except that through 
the League of Nations which arranged an international con- 
ference at Geneva in 1933, the international exchange of 
educational films became facilitated. In England in 1936, there 
appeared a National Encyclopaedia of educational films, which 
of course, is not up to date now, and then there is the British 
Film Institute which prepares catalogues of teaching films, 
many of which are biological, and also edits two journals, the 
“ Monthly Film Bulletin ** and “ Sight and Sound.” Kodak 



president's address. 


11 


has its own catalogue of s(;ientiiic films. In America, there 
are libraries of scientific films. The Journal of the Biological 
Photographic Association contains many references to Hological 
cinema work and a good deal of information can also be gained 
from another American publication called “ The Blue Book of 
non-Theatrical Films/* which is brought out every year. Most 
excellent work has been done and is still being done by the 
British Association of Scientific Workers, through its very active 
Scientific Film Committee. This committee has now for five 
years been bringing out graded lists of scientific films and for 
this purpose it views about ninety films a year, many of them 
biological. It held a eontercnce in London, in 1942, in 
co-operation with other bodies interested in scientific films, and 
they agreed that at least in liritain a totally inadequate use 
is being made in medical education of slow motion and 
microcinematography. The conference decided to set up a 
National Scientific Film Federation to co-ordinate efforts and 
to undertake the national planning of making scientific films. 

At an exhibition recently held in London, again by the 
Association of Scientific Workers, on the application of photo- 
graphy to research problems, the number of scientific films was 
very small. If one exedudes the more simple biological films 
that are suitable for the schoolroom, the number of biological 
films is apparently not very great. One reason probably is 
that more advanced biology requires microscopy, and filming 
through a microscope is not easy. A fair number of scientific 
biological films can very largely be taken in the ordinary way, 
such as films on malaria, on bird life, on breathing, on virus 
diseases of plants, and then of course on medical work, but 
many of these seem to purposely avoid the use of a microscope 
by using animated diagrams. Purely microcinematographic 
films have been made, and here I think of Comandon who even 
filmed micro-operations on blood-cells, and of Loveland and of 
Roger who studied the motility of microbes in this way. Some 
of these are pure research, especially those of Canti, who filmed 
growing body cells and cancer cells in tissue cultures, and those 
of Bronfenbrenner and of Bayne-Jones who studied bacterial 
growth, bacteriophage action and spore-germination by means 
of microcinematography. But the total number of microcinema- 
tographic biological films of a more advanced nature is small, 
both for teaching and for research. And yet living microbes 
or cells under a microscope are a particularly suitable subject 
for filming because only one person at a time can look through 
a microscope. The explanation of this scarcity of high power 
microscope films is probably to be found in one word: light. 
When one films the town hall, the lens of the camera 
concentrates all the light radiated by the town hall on a very 
small area of photographic film and under-exposures are rare. 
Filming a microbe through a microscope means that the 
microbe must be made to radiate light and this light is then 
distributed over a relatively very large area of photographic film, 
the area of course, depending on the magnification. It is. 
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therefore, necessary to shine a very strong light on the microbe 
to make its radiation strong enough to impress the photographic 
plate and the danger of ‘‘ cooking " the microbe and killing 
it is very real. The difficulties can be circumvented in various 
ways and Lowndes has, for instance, already succeeded in 
making 1,200 microscopic pictures per second of the movement 
of the cilia of a protozoon. There are large opportunities 
waiting here for enterprising microscopists. I know that Mr. 
Barnard, the only man who has photographed invisible virus 
bodies by ultra-violet light, dislikes nothing more than to have 
suggestions made to him about his enterprises, but if I dared, 
I would certainly suggest to him to make time-lapse films of 
his virus bodies, which could then be seen multiplying. 

I have now conducted you, via the microscope, from 
educational films right into pure research filming. But this 
need not make you think that all research films are made 
through a microscope, nor that all microscopic films are research, 
although there certainly is a wide field for research for those 
who can combine microscopy and filming. But the cinema 
camera in my opinion is definitely an instrument of research, 
not merely a recording instrument. That it has not been used 
more often as such is partly explained by Rogers' remark that 
biologists are inexpert technicians and technicians inept 
biologists. 

In biology there are many movements that are too fast 
and too complicated to be grasped by just simple inspection, 
such as the flight of insects. A slow motion film in such cases 
allows more time for study and analysis and, moreover, the 
observations can be repeated any number of times on the screen. 
Many such films have been made that are never shown to 
any audience. In biology one also often deals with material 
that cannot be duplicated and here also making a film will 
allow time for leisurely study of details that might easily have 
passed unnoticed. Then there is the factor of the enlargement 
which takes place on the projecting screen and which often is 
helpful in the analysis of movement. Another important point 
for research is that, the speed of ♦the film being known, it 
is easy to determine the time a certain event has taken to 
come off. This holds good for straight filming and for slow 
motion and for time lapse filming. In this way, for instance, 

I got to know that a whole big typhoid bacillus when attacked 
by its own parasites which we call bacteriophages, can be blown 
to smithereens in less than a sixteenth of a second, a truly 
dramatic happening when you see it on the screen, magnified 
several thousand times. 

The motility of bacteria has been elucidated by the cinema 
camera in many instances, sometimes with quite unexpected 
results. Slow motion work and time-lapse observations will in 
time reveal biological secrets about which we have just hazy 
notions now. 

It is to be emphasized that filming forces one to make 
unbiased observations. Lord Kelvin used to say that you only 
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understood a thing if you could make a model of it. If he 
had lived in our times he would have said if you could make 
a film of it. Setting out to make a him of a biological 
phenomenon one first has to eliminate all disturbing and non- 
essential elements, in order to get a clear view, in all senses 
of the word. This teaches one discipline in making observations. 
Also, the finished film often brings to light details, or even 
important factors which had originally been overlooked. It is 
typical of a good film that when it is screened even the maker 
can detect something new in it, because he gets a new angle 
by seeing his observations on the screen, and he may be driven 
to give novel interpretations to previous observations. A good 
film is not just a record of what one thought one had seen, 
but often brings home unexpected features. Showing a new 
scientific film to a critical audience of one’s colleagues often 
is a fruitful method for the correction of one’s own false first 
impressions of what is actually happening. Life is such a 
complicated affair that it must be approached from many 
different angles to be properly understood. As Alexis Carrel 
has said, living cells are continually changing, the fiame of life 
is never steady, the contents of living cells are never still, they 
move and mingle, in some places they bubble like boiling water, 
and cinematography alone can do justice to them by bringing 
into the record what he calls their fourth dimension, namely, 
time. 

Far too much teaching of biology is done on corpses and 
fixed material. This creates a vicious circle. The student, 
familiar with chiefly dead preserved and stained material, is 
content to go on, in his own researches, with similar material, 
and the need for a film camera is hardly felt. Professor Yule 
Bogue, himself a distinguished cinematographer, mentions that 
Harvard University possesses its own film unit, which can be 
called in by any department, but he adds that no university 
in Britain has anything like this, and to his regret very few 
scientific workers are film conscious. 

There are, however, some encouraging signs that the film 
will get into its own for scientific work. Our Defence Force 
already has its own well-equipped film unit, and this equipment 
might pave the way for scientific developments after the war. 
At a meeting recently held by the National Council of Women 
under the guidance of Mrs. Archer, various educational 
authorities professed their faith in the value of the film for 
teaching, including the teaching of biology. Newspapers are 
discussing the setting up of a government commission to 
investigate the possibilities of film production in the Union. 
Let us hope this will include biological films for various purposes, 
including research, and microcinematography. Tliere is a 
growing interest in films that are not just entertainment. What 
is needed above all is that more and more real scientists abandon 
their somewhat condescending attitude towards films. They 
should realise that even for work of the highest order the 
cinema camera provides the best possible record and means of 
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communicating their results. And also that the cinema camera 
is a new instrument of research which will open up entirely 
new fields. The film is not just a means of teaching elementary 
things to school children, it can serve much higher purposes. 

But here I must, in conclusion, come back to what I said 
a few minutes ago. The making of films is not enough. They 
must also be shown, and in order to be shown, they must be 
copied and distributed on a large scale, and in order to be 
distributed they must be known. What is lacking is an 
international organisation for the cataloguing and distribution 
of the kind of films I have discussed. The present handling 
of scientific films reminds me too much of the position of books 
in the middle ages, when the libraries that had books fastened 
them to the table with iron chains for fear that they would 
disappear. Books are circulating very freely now, the same sliould 
be done with films. An international agency might disseminate 
complete information about films and see to it that enough 
copies were made to place films at the disposal of anybody 
at a reasonable price. As more films become available, they 
will stimulate further production. They need not all be photo- 
graphic. Whenever I visit the bioscope I marvel at the oppor- 
tunities missed when 1 see the cartoon. Could not a biologist 
with the aid of genius like Walt Disney give us an adequate 
film to illustrate the process of evolution‘s Would not the laws 
of heredity lend themselves admirably to the making of a similar 
film? To get a bit farther from home, is there no enterprising 
astronomer or physicist wdio will make a film of animated 
diagrams to help us visualise the movements of the heavenly 
bodies or the courses of electrons in the atom? Embryology 
would appear a most suitable subject for filming, and I know 
that something has been tried in this direction, but same us 
for the other subjects mentioned, there is a good deal more 
still to be done, and what has been achieved is not readily 
available or even known. 

The international distribution of films by a central bureau 
would probably be easier than that of books, because films to 
a large extent speak an international language. All that is 
needed is organisation. A splendid beginning has been made 
in Britain by the Association of Scientific Workers, and in our 
own country the Film Division of the Union Education 
Department might suitably become our representative on an 
international organisation. You may object that this is hardly 
the time to undertake such an elaborate scheme as an inter- 
national bureau. But there is no harm in planning and still 
less in thinking it over. My object to-day has been to stimulate 
interest in scientific circles in the possibilities of the cinema 
camera as a scientific tool, and to try and make you share 
my faith in the film as an instrument for the advancement of 
science. 
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The study of tlie atomic nucleus as a separate branch of 
l)hysics may be said to have begun in 1896, when Becquerel 
discovered the phenomenon of radioactivity in uranium. One 
year earlier a young New Zealand physicist, Ernest Rutherford, 
hud entered the Cavendish Laboratory as a research student, 
and the history of nuclear physics for the next thirty years was 
to be largely dominated by the genius of this one man. 

In 1902 Rutherford and Soddy proved that radioactivity is 
due to the disintegration of the nucleus of the atom, and for 
nearly twenty years this natural disintegration was the only 
type known to physics. In 1919 Rutherford succeeded in bring- 
ing about the transmutation of nitrogen by bombarding it with 
the alpha-particles of maximum energy of 7*6 million electron 
volts which arise in the radioactive disintegration of Radium (/, 
but development along these lines was slow until the new wave 
mechanics had made it possible to provide a satisfactory theory 
of nuclear disintegration. In 1928 it was suggested independently 
1)3’ Gamow and by Gurney and Condon that on the wave theory 
a finite ])robability exists for the penetration of the potential 
barrier of the nucleus by a particle of energy less than that 
of the barrier. According to this view, a particle inside the 
potential well of a nucleus might escape by “ tunnelling 
instead of by climbing over the top, so that particles of com- 
])avatively small energy might in this way occasionally escape 
from a nucleus. 

That the reverse might also be true was a possibility that 
occurred to several investigators, and in the Cavendish Labora- 
tory Cockcroft and Walton proceeded to build a high tension 
generator which would enable them to bombard atomic nuclei 
w’ith projectiles of comparatively low energy in order to determine 
whether there also exists a finite probability that such particles 
might enter a nucleus by penetration of a potential barrier which 
is certainly too high for them to climb. In April, 1932, they 
announced the success of these early experiments. By means 
of a voltage doubling circuit they were able to accelerate 
hydrogen nuclei by means of a potential of some 600 kilovolts, 
obtaining a proton beam of some 20 microamps. ^ With this 
beam of energetic particles they bombarded lithium atoms. 
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obtaining helium nuclei of very much higher energy according 
to the reaction: — 

7 14 4 

Li + H = He + He + 8 MV 

3 12 2 

This ^^a8 the first of the truly artificial transmutations, 
and it was to start a wave of activity which has in the last 
ten years produced an enormous volume and variety of results. 
The announcement of this success was very speedily checked 
by Lawrence and Livingston with the first cyclotron. These 
investigators bombarded lithium with artificially accelerated 
protons of range 18 mm. in air, and observed that alpha-particles 
were produced with a range of 8 cms. 

In the same year Chadwick discovered a new nuclear 
particle, the neutron, a particle of zero charge and mass ai)proxi- 
mately equal to that of the proton. Since the neutron possesses 
no charge, it was realised that it should enter the nucleus more 
readily than a charged particle would, and the possibility of 
nuclear disintegration by means of neutrons was demonstrated 
in 1932 by Feather. The possibilities were more completely 
investigated by Fermi and his associates, and their work 
culminated in the discovery in 1939 of the fission of the uranium 
nucleus. 

That still other possibilities exist was demonstrated in the 
following year by Law’rence, when he succeeded in producing 
disintegrations by bbmbardment with the nucleus of the newly 
discovered heavy isotope of hydrogen. The deuteron, as the 
nucleus of deuterium has come to be called, has proved to 
|K)8SC6S several useful properties in the production of transmuta- 
tions, and it is in this field that the hydrogen isotope has so far 
proved to have its greatest importance. 

In 1934 it was discovered by Joliot-Curie that many nuclei 
after bombardment with accelerated projectiles undergo change 
to unstable forms which later disintegrate, mainly by emission 
of negative and positive electrons. This phenomenon of artificial 
radioactivity has enormously extended the table of known 
isotopes, several hundred such nuclear reactions now being 
knowm. 

Since 1932 and the exciting period immediately following 
the first step by Cockcroft and Walton, the study of the details 
of the processes involved in the various nuclear reactions has 
been carried on by a very large number of investigators, both 
experimental and theoretical, and it is in connection with some 
of the more important features of this work that the present 
report is presented. 

Part 1 — Instruments. 

Throughout the period under review the development of 
our knowledge of the nucleus has gone hand in hand with the 
development of our instrumental resources. Perhaps the most 
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important of these instrumental problems has been that of pro- 
ducing particles of high energy, and so successful has the 
development in this direction proved, that we now have at our 
disposal sources of high-energy particles which surpass in energy 
any of the particles produced by radioactive disintegration, and 
which at the same time are produced in such quantities as make 
possible the application of the artificially radioactive substances 
thus available in many fields beyond physics. 

The most celebrated — and perhaps the most successful — 
of these new instruments is the cyclotron, developed over a 
number of years by Lawrence and his associates until there 
are at present some 80 cyclotrons in operation over the world, 
the largest producing alpha-particles of 82 million volts energy, 
considerably higher than any produced in naturally radioactive 
sources. The intensity of the ion beams also far exceeds those 
from any natural source. Thus Lawrence has reported neutron 
beams of intensity equivalent to the neutron production of 
several hundred kilograms of radium-beryllium. 

The greatest of the giant cyclotrons is under construction 
on the Berkeley Campus of the University of California. The 
building in which this extraordinary piece of physical apparatus 
is to be housed is a 24-8ided steel frame, 160 feet in diameter. 
The magnet consists of some 3,700 tons of 2in. steel plates 
bolted together into a rectangular frame with one long side 
below ground level. Each of the 92 plates in a horizontal 
member is 52 feet long and 6^ feet wide and weighs 13^ tons. 
The pole pieces are placed in the middle of the central rectangular 
opening, which is 45 feet wide and 17^ feet high. Between 
the pole pieces there is an airgap 40 inches high and 184 inches 
in diameter, which will contain the accelerating chamber and 
electrodes. The magnetising current to each core will be carried 
by 12 “ pancakes ” of copper strip, 4in. x Jin., cooled by oil. 

The high frequency equipment is on an equally large scale, 
occupying the space of a large two-storey house. The generators 
supply 2,500 kVA. at 12, OW) volts, 3-phaBc, 60-cycle. This is 
rectified to 25,000 volts and so fed into the oscillator, which 
operates at 10 megacycles. 

The equipment is designed to produce deuterons of 
70 million electron volts energy at the start, and it is expected 
to be able to raise this value to 100 mev. Energies of about 
double this value will be obtainable with alpha-particles. 

The principal value of the cyclotron, apart from the attain- 
able energy, which is higher than for any other type of acceler- 
ator, lies in its capacity to produce artificially radioactive 
elements on a large scale, and it is in this field that its most 
important application has been found. It does, however, 
possess certain disadvantages. Thus it is difficult to provide 
bombarding particles of a given type with anything like a wide 
range in energy, and it is impossible to use the cyclotron for the 
acceleration of very massive or very light particles. The 
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electron, for example, cannot be successfully accelerated in the 
cyclotron, mainly owing to the considerable relativistic mass 
increase in an energetic electron, which in the cyclotron causes 
a lack of synchronism between the motion of the particle and 
the electric field between the electrodes. 

For applications requiring very steady potentials which can 
be varied between wide limits, the electrostatic generator of 
Van de Oraaff has proved to be particularly successful. The 
practical limit of voltage of these instruments has probably 
been reached, mainly on account of the difi&culty of insulating 
successfully at potentials of some five million volts. Becent 
developments have, however, taken place in the use of air or 
an electro-negative gas such as “ Freon ** (dichloro-difluoro.- 
methane) under pressure as a medium for reducing the possi- 
bility of breakdown along the supporting columns, which have 
made it possible to build generators for several million volts in 
comparatively small pressure tanks. The most successful 
machine of this type is probably one built by Trump and Van 
de Graaff for high-voltage X-ray work, in which a generator 
for IJ million volts is contained in a tank only 100 inches high. 
The current available with this instrument exceeds one 
milliampere. 

Very large • pressure-insulated electrostatic generators have 
been built for several institutions in America, requiring special 
buildings, which add very considerably to the otherwise very 
reasonable cost of such a generator. The electrostatic generator 
differs from the cyclotron in that it is suitable for accelerating 
ions of any mass, and therefore forms a piece of equipment of 
very general applicability. 

Until recently the Van de Graaff generator has provided 
the only available method of accelerating electrons to very high 
voltages, but it now seems that the induction accelerator 
developed by D. W. Kerst is likely to take the place of the 
cyclotron in this particular field. Numerous investigators have 
attempted to utilise, without much success, the inductive effect 
of a varying magnetic field in order to accelerate a circulating 
electron. Kerst has, however, by a very ingenious device found 
it possible to accelerate electrons in a preliminary design to 
over two million volts, while a second model has succeeded 
in giving electrons of some 20 million volts. With further 
development this device should make possible the laboratory 
production of electrons of sufficient energy to emulate cosmic 
rays. The induction accelerator has the very considerable 
advantage over most other methods of accelerating electrons 
in that it occupies relatively little space and can be built at 
a comparatively low cost. 

Another experimental field which has proved to be of 
particular importance is the separation of isotopes, wherebv 
nuclear reactions can be studied with reference to single isotopes 
in cases where an element occurs in nature as a mixture of 
several such constituents. The most celebrated of these rare 
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isotopes is tliat of hydrogen of mass 2, which has been prepared 
in fairly large quantities by electrolytic concentration. In this 
process a dilute solution of electrolyte, usually KOH, is elec- 
trolysed until it bectoics too concentrated. The water is then 
removed, a dilute solution prepared, and the process repeated. 
When the original is reduced by a factor of 25,000, the con- 
centration has increased the percentage of deuterium oxide, 
heavy water,*’ to about 99*9 per cent. One gram of “ heavy 
water ” is produced by about 30,000 ampere-hours of electricity, 
so that the luwess is both slow and expensive. 

Other methods available for increasing the concentration 
of the rarer isotopes are distillation, chemical exchange reactions, 
gravity and thermal diffusion, and the use of the mass- 
spectrograph. Of these, the chemical separation methods appear 
to be the most suitable for large-scale production, although 
the method is alow and comparatively inefficient. Deuterium 
is now obtainable in large quantities, and is an established 
article of conimer(*e. The cost per gram of or under 
laboratory conditions would appear to be around ^3 or £4. 

Of all the methods available, however, only the mass- 
spectrograph enables isotopes of any element to be separated. 
So far the method has not been applied to obtain anything but 
the minutest quantities needed — for example, in studying special 
.nuclear reactions. New methods of producing positive ion beams 
w’ould appear to offer hope that the method may become very 
much more efficient, and the mass-8pcctrogra])h has proved, par- 
ticularly in the hands of Nier, to be a very valuable adjunct 
to the cyclotron. 

Part 2 — ^Experimental. 

The field of greatest activity in the last decade has 
undoubtedly been the exploration of nuclear reactions produced 
by various ions projected with energies ranging between some 
thousands of volts to over thirty millions. The number of 
reactions obtained is already extremely large, numbering towards 
a thousand, and the study of these will in due course throw 
light on the structure of the atomic nucleus, as well as providing 
a great deal of material of great value in many fields of 
application. 

It would bo impossible to attempt to describe the results 
of these investigations. I shall therefore merely mention briefly 
one of the many different cases of importance, namely, bombard- 
ment by neutrons. 

It appears that slow neutrons, with energies less than 
100 ev., say, tend to cause nuclear change by a process of 
capture followed by radioactive disintegration of the compound 
nucleus. Thus, for example, a very important radio-active 
iodine is produced by slow neutrons impinging on the iodine 
atom of mass-number 127, which is the only stable isotope 
of this element. The radio-active iodine decays with a half-life 
of 25 minutes to give a stable xenon isotope of mass 128, giving 
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of! an electron in the process. The reaction may be written in 
the form of the equation: — 

127 1 128 

I + n = I = 128 
58 0 53 Xe + jS + 2 MV 

54 

Fast neutrons, with energies exceeding a million electron 
volts, cause reactions in which a fragment of the nucleus is 
knocked out, as in the case of the bombardment of the stable 
fluorine isotope of mass 19. This gives rise to a radioactive 
isotope of nitrogen of mass 16, together with a helium nucleus. 
The nitrogen decays with a half-life of 8 seconds, emitting 
electrons of 6 million volts energy and giving rise to the common 
isotope of oxygen, the reactions being summarised by the 
equations : — 

19 1 = 16 4 

F + n N + He 

9 0 7 2 

I 

16 

() + /8 + G MV 

8 

Beactions similar to those caused by the fast neutrons are 
produced by fast particles possessing charge, such as protons, 
deuterons and alpha-particles, and even by electrons and photons, 
but the charged particles do not penetrate the Coulomb field 
of the nucleus at low energies as in the case of the slow neutron. 

A very important alternative reaction produced by both 
slow and fast neutrons, as well as by other particles, arises 
in the case of the nuclei of uranium and thorium, in which 
the atom is very literally split by the bombarding particle, 
giving rise to two fragments of comparable size. 

This reaction, totally different from any other previously 
observed, was finally identified by Hahn and Strassman in 1939, 
a discovery which may well in future years lead the historian 
to attach to this date an importance greater than would attach 
to it on account of the outbreak of the Second World War. 
Hahn and Strassman found that when uranium is bombarded 
with neutrons, certain atoms chemically analogous to radium 
which had previously been detected were actually due to barium, 
while at the same time other elements which appeared chemically 
to be isotopes of manganese, ruthenium, etc., also were formed. 
In addition, a set of elements of slightly lower atomic weight 
were discovered, and it became clear that an entirely new type 
of nuclear reaction was taking place under the given’ conditions. 

Subsequent work has sliowm without doubt that the 
phenomenon is actually due to a fission of the unstable uranium 
isotope* formed by neutron capture. This very massive nucleus 
is unstable with n new kind of instability, and breaks up into 
two portions with masses in the approximate ratio of 3 to 2. 
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These fission fragments are released with very considerable 
energy and are themselves unstable, decaying by electron or 
neutron emission until a stable end-product is reached. 

Subsequent work has shown that thorium atoms also 
undergo fission in a similar way, and that the bombarding 
particle may be a neutron, proton, deuteron, alpha or photon. 
The reaction is most probable in the case of so-called thermal 
neutrons of very low energy in the case of uranium, and of fast 
neutrons in the case of thorium. 

In the case of uranium, it was shown by Nier, Booth, 
Dunning and Grosse that the thermal neutron reaction was 
due to the rare isotope of mass 235. In order to prove this, 
they separated the three normally occurring isotopes of masses 
234, 235 and 238 by means of a mass-spectrograph built by Nier. 
Bombardment of these separated fractions showed quite clearly 
that the isotope responsible for slow-neutron fission was that 
of mass 235, while fission by fast neutrons occurs in the case 
of U 238. 

The process has been pictured by Bohr as follows; 
A neutron enters a heavy nucleus and is temporarily captured, 
forming an excited compound nucleus which is unstable and 
can break up either by ejecting a neutron or by undergoing 
fission into two fragments of more nearly equal mass. The 
relative probabilities of these processes vary with the energy 
of the incident neutron. In particular, if the neutron is of 
high energy, we may have 239 U>-238U + n, but find the 238U 
so excdted after losing the neutron that it can still undergo 
fission. In this case, the higher the state of excitation of the 
resulting nucleus the greater the probability of fission, so that 
we ma> expect fission to become more probable in this case, 
with increasing energy of the incident particle. This is found 
to be the case for fast neutrons and for the charged particles 
which also produce fission. Thus Fermi and Segr4 found typical 
fission fragments when ammonium uranate is bombarded with 
82 mcv. alpha particles, but that lower energies appear to give no 
such reaction. 

In the case of the thermal neutron reaction with 235 U 
it would appear that an unstable isotope of mass 236 is formed, 
which immediately undergoes fission. This would explain why 
this isotope is not found in nature. 

The fragments formed in the fission process have in general 
too many neutrons for stability, and therefore undergo disin- 
tegrations until a stable atom arises, either by emitting the 
excess neutrons or by changing neutrons to protons by emitting 
electrons or by both of these processes. Observations have 
shown that during fission neutrons are produced, probably 
simultaneously with the fission. Zinn and Szilard, for example, 
found on an average 2*3 neutrons per fission. In the case of the 
fission of 235 U, this neutron emission is of great importance 
in connection with the possibility of chain reactions. 
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In this case it is clear that if a neutron of low energy 
causes fission of a nucleus of U in a mass of the material, 
further neutrons will be produced, which will be slowed down 
by elastic collisions until they in turn are absorbed by further 
nuclei, thus giving rise to more fission reactions and to more 
neutrons and so on. If the mass of uranium is sufficiently 
extended, so that the neutrons so formed do not escape from 
the mass before being absorbed, the possibility exists of a chain 
reaction which will increase at an enormous rate. 

Since it is found that at each fission an amount of energy 
approacliing two hundred million electron volts is evolved, it 
is clear that such a chain reaction might well prove cata«itrophio 
to the investigator. Apart, however, from this possibility, it 
would appear tliat this reaction might well be used to obtain 
power from nuclear sources, in which case the long-awaited 
ora of atomic power ** might well be at hand. The problem 
of the control of the explosive possibilities of masses of uranium 
is one that would require solution before an attempt could be 
made to harness the enormous reserves of energy available in 
the nuclei of uranium and thorium, but it is most unlikely 
that the recent cessation of activity, as indicated by the absence 
of papers on fission in the scientific journals of the last year 
or so, is in fact taking place. The possibility of atomic power 
is of sufficient military importance to render it extremely unlikely 
that any important results will now be published until after 
the war. 

An indication of the possible energy available is provided 
by an estimate by Fliigge to the effect that one cubic metre 
of uranium oxide might develop one million million kilowatt- 
hours in one-hundredth of a second. Stated in this May, the 
military potentialities of the situation become obvious. In the 
long run, however, it is in the gradual release of this energy 
that the method will bo of value. In a general discussion of this 
topic, Boberts and Kuper have shown that under present con- 
ditions the coat of raw material — ^namely, uranium — would be 
about one-eighth of that of coal to produce the same total energy. 

An interesting by-product of the investigations of fission 
in uranium has been the discovery of elements beyond atomic 
number 92. When uranium is bombarded with neutrons, not 
all the compound nuclei so formed undergo fission. An 
alternative reaction arises whereby the so formed under- 
goes radio-active decay with the emission of an electron, the 
half-life for this transition being 23 minutes. The end-product 
of this reaction is an element of mass number 289 and atomic 
number 93, thus one of the long-sought-for transuranic elements. 
Nishina and his associates have also announced a further radio- 
activity in uranium bombarded with fast neutrons, the half-life 
being 6-5 days and electrons being emitted. This, they suggest, 
is due to the decay of 287 U formed from 238 U in a reaction 
in which the bombarding neutron sets free two neutrons from 
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the nucleus. The resultant product would have mass number 
287, atomic charge 98, and would be an isotope of eka-rhenium. 

In addition to an extension of the periodic system in this 
direction, the building of isotopes which do not often occur 
naturally has led to the completion of the table of elements 
by the synthesis of the remaining four elements, which at the 
time of discovery of artificial radioactivity were numbers 48 
(eka-manganese), 61 (rare earth), 85 (eka-iodine), 87 (eka- 
caesium). 

Of these, element 87 was discovered by Perey as a rare 
branching product in the actinium family of naturally radio- 
active elements. Perrier and Segr4 found 48 in products of 
neutron bombardment of molybdenum. Element 61 has 
probably been obtained by deuteron bombardment of neodymium, 
but owing to chemical difficulties in separating the rare earths, 
it has BO far not been studied. Element 85 has been prepared 
by bombarding bismuth with alpha-particles. 

Part 8 — ^Theory. 

The enormous activity in experimental work has been 
accompanied by a flood of theoretical investigations of com- 
parable dimensions. It is to be feared, however, that com- 
paratively little of this latter work is likely to maintain its 
importance for any length of time. It appears that the general 
principles of wave mechanics apply in the domain of the nucleus, 
as in the extra-nuclear phenomena of the atom, but the appli- 
cation of the theory to details has not always met with any 
particular success. 

So far a good deal of the most successful theory has been 
of a qualitative nature, as in the case of the Bohr theory of 
fission. According to this view, the nucleus behaves somewhat 
like a drop of liquid, which when set into vibration may divide 
into two drops. This liquid drop '' model has met with some 
success. A further liquid analogy which has proved useful is 
that of the “evaporation"' of nuclear particles from heavy nuclei. 
In this case, too, tlie treatment has been largely by analogy, 
and the details of the mathematical treatment have not been 
worked out. They provide, in a sense, classical rather than 
strictly quantum-mechanical treatment of the relevant pheno- 
mena, a treatment which is largely to be justified by the com- 
paratively large number of elementary particles occurring in a 
massive nucleus. 

Among other fairly successful applications of theory might 
be mentioned the theories of j8-decay. The early form of the 
theory, due to Fermi, proved not always to fit the observations, 
and a mo<lification was proposed by Konopinski and Uhlenbeck. 
Of the two, the Fermi theory appears to satisfy the observations 
better in the region of high energy, the Konopinski- Uhlenbeck 
theory on the other hand fitting more closely in the regions of 
lower energy. It is symptomatic of the present state of theory 
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that, according to Walks (Walks, 1939), ** it is tsmpting to 
employ a linear combination of the two distributions to 
represent the whole range of results." It need hardly be 
mentioned that an empiricism of this type is scarcely to be called 
theoretical physics. 

Some striking successes have, however, been obtained, of 
which one may mention the prediction of the neutrino by 
Fermi and that of the meson by Yukawa. The former 
elementary particle, which probably possesses no mass and does 
not interact appreciably with matter, will by definition prove 
extremely difficult to detect. Experimental evidence for its 
existence is, however, slowly building up. 

The story of the meson will serve to illustrate the present- 
day tendency in nuclear theory. The existence of a particle 
of mass intermediate to those of the electron and the proton 
was first assumed by Yukawa in order to explain the existence 
within the nucleus of forces of attraction between the nuclear 
constituents, neutrons and protons, this force being in addition 
to the ordinary Coulomb repulsion between the like charges on 
the protons. 


The Coulomb law is a direct result of the w^ave equation 
c* fit* 


which for a steady field reduces to 

= 0 

The spherically symmetrical solution of this for a point-charge 
at the origin is 


constant 



which gives rise to an inverse-square force. 


If we wish to add to this force an additional term which 
will be preponderant for small distances, and negligible in com- 
parison with the Coulomb force when the distance is large, it 
is necessary to change the wave equation. Assuming the wave 
equation to be linear and of second order and invariant to a 
Lorentz transformation, Yukawa was led to the only possible 
generalisation of the above equation, namely: — 
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where k is a constant. For a steady field this reduces to 

^*0 — k *0 = 0 

which has a spherically symmetrical Solution 


g - At 

0 = constant x 
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which is of the required character. The wave equation so found 
is the relativistic wave-equation of a particle of mass 
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which is of an order intermediate to that of the electron and 
the proton when k Is assumed to have a reasonable value deter- 
mined by the known range of the neutron-proton forces. 

This theory was introduced in 1985. During the next year 
an investigation of the tracks of cosmic rays in cloud chambers 
led several investigators to the conclusion that the penetrating 
component in cosmic rays must be a particle of electron charge 
and of mass some 150 times that of the electron. This particle 
was immediately identified with Yukawa's hypothetical particle 
and a ’number of rival designations proposed. The tendency 
at present is to use the term mesotron or meson, of which the 
latter is probably preferable. 

Yukawa's theory had thus correctly predicted the existence 
of the meson. When, however, we come to compare the further 
results of the theory with observation, we find that the detailed 
requirements of observation are in no way satisfied, and it 
becomes necessary to make further postulates. Thus Bethe 
has given a meson-theory in which at least three forms of meson 
are required, negatively charged, positively charged, and neutral. 
More recently, Marshak has shown that the neutral meson is 
not indispensable to the theory of nuclear forces. Peierls has 
suggested that further difficulties in the theory may be met by 
postulating that there are mesons of zero spin and mesons of 
unit spin, and arranging the available parameters in a special 
way in order to ensure convergence of the solution to the 
equations thus derived. Again it becomes obvious that there 
is a strong empirical element in the theory. 

If one may be permitted a word of criticism, it seems 
that at present the tendency is to produce a theory at all costs. 
It would be well to remember that the course of theory in the 
past has generally lagged well behind that of observations. 
There comes in the history of a science a stage during which 
tlie observational data are collected. Then follow^s a period 
during w’hich the data are wwked into empirical relations, and 
only thereafter does it generally become possible to weld the 
whole into a single coherent theory. 

Thus, before it was possible for Kepler to derive his three 
Laws of Planetary Motion, it required the labours of a Tycho 
Brahe to produce the mass of observational evidence from which 
these three empirical generalisations might be drawn. But 
without the Laws of Kepler it would have been impossible for 
Newton to arrive at his Law of Universal Gravitation, the 
generalisation which made it possible ultimately to bind all 
observed phenomena of planetary motions into a coherent whole. 

It would appear that the present stage in nuclear physics 
is rather that of Kepler. It would seem that we need to work 
for a while in a purely empirical fashion, until from the mass of 
observational material that has accumulated in the last decade 
it becomes possible to sort the essentials into empirical 
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genoralisations* Then, and only then, will it become possible 
to attempt to found with success a comprehensive theory to 
enter on the Newtonian phase of the science. 

Part 4 — ^Applications. 

Important as the development of nuclear physics has been 
to the physicist, it is perhaps true that its importance is even 
greater outside the fields of physics. Already the scope of the 
applications of our knowledge of nuclear reactions has become 
extremely large, and it is entirely impossible to report progress 
except in one or two special examples. 

In astronomy the outstanding problem in connection with 
the theory of stellar structure is that of the generation of stellar 
energy. It has long been known tliat the light and heat 
radiated by a star must come ultimately from some sub-nuclear 
source, since it is only in the atom that the enormous amounts 
of energy radiated during its lifetime by a star can be stored. 
Details of the actual processes whereby the conversion from 
matter to radiation may take place have until recently been 
entirely lacking. With our present knowledge of the energetics 
of nuclear reactions, however, it becomes possible to estimate 
the contributions to stellar energy generation due to various 
nuclear reactions. 

The most complete discussion of the possibilities in this 
connection are due to Bethe, who proposes as the main source 
of energy in the average star a cycle of reactions involving the 
lighter elements, which can be represented by the set of 
equations: — 
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The effect of the cycle is therefore to construct helium 
atoms from y)rotons, the carbon nucleus serving in the vast 
majority of reactions simply as a catalyst. It is computed that 
in about one case in a hundred thousand the last reaction leads 
to the stable ^*0 instead, so that in this case the carbon nucleus 
is permanently lost. 

The details of this theory do not as yet provide a complete 
solution to the problem, but it does enable an estimate of the 
radiation of a main-sequence star to be given which is at least 
of the correct order of magnitude. 

In biology the major field of application has consisted in 
the study of the metabolism of various elements by means 
of labelled atoms — atoms, in fact, of the unstable radioactive 
isotopes of the elements concerned, produced for the great part 
by means of bombardment with the high energy particles pro- 
duced by the cyclotron. 
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The idea here is particularly simple. Suppose the biologist 
to be interested in, for example, the metabolism of iodine in 
the animal body. Previously the only available method lay 
in the painstaking analysis of the tissues of the animal after 
ingestion of iodine, a method which is obviously destructive. 
Since, however, there are known to exist isotopes of the normal 
atom, chemically and hence physiologically indistinguishable 
from it, and possessing the property that in a reasonably short 
time they disintegrate, giving rise to energetic electrons which 
can very readily be detected by physical means wherever they 
arise in the body, these atoms can be used to trace the iodine 
in the course of its wanderings in the body, thus providing the 
required information. 

Since, too, the detection of radio-active iodine by physical 
methods is probably some millions of times more sensitive than 
the chemical methods which are available for the same purpose, 
it follows that the normal tolerance of the body to the chemical 
need not be exceeded. 

Tliis method of using labelled atoms — “ tracer atoms as 
they are commonly called — has been applied to study the meta- 
bolism of more than twenty biologically important elements, 
such as phosphorus, iron, iodine, calcium, sodium, potassium, 
nitrogen, and certain fundamental organic compounds, such as 
vitamin B,. This latter has been traced by synthesising 
vitamin Bj so that it contains radioactive sulphur, and then 
following the trail of these labelled sulphur atoms. Very 
ingenious chemical methods have been devised to bring about 
the synthesis of suitable organic compounds from carbon dioxide 
containing radio-carbon, ^‘0^, which has the very short half- 
life of 21 minutes. The time available for synthesis is therefore 
at most an hour or an hour and a half if the radioactivity is not 
to be too much reduced before the material can be applied 
biologically. Alternatives to chemical methods of synthesis have 
been provided in some cases by the use of specific micro- 
organisms. Thus methane bacteria have been used to give 
appreciable quantities of methane containing the radio-carbon 
in 40 minutes. The scope for investigation here seems to be 
almost unlimited, and it vrould seem that there is here a fruitful 
field for collaboration between physicist and micro-biologist. 

In medicine the radioactive isotopes of certain elements 
would also appear to have considerable importance. Thus it 
is possible to treat thyroid tumours by bombardment with the 
energetic /8-rays released by radio- iodine from within the organ 
itself, the effects of sudi radiation being very largely confined 
to the organ. 

Promising results have also been obtained in cases of human 
leukaemia by making use of the fact that phosphorus is strongly 
concentrated in the bone-marrow. Hence if radio-phosphorus 
is administered, it tends to collect in the bone-marrow, where 
it then proceeds to disintegrate, giving rise to highly energetic 
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decay-products which thus provide irradiation of the bone- 
marrow from the inside. The method is very much simpler 
to Apply than the standard treatment by whole-body radiation 
with X-rays. 

As an alternative to radium or deep X-ray therapy, the 
use of neutrons promises also to become of importance. It is 
known that fast neutrons have profound biological effects, 
although a great deal of work remains to be done in determining 
the precise effect of these radiations. 

Slow neutrons have also been studied for their possible 
therapeutic value. Another possible application here lies in the 
fact that boron and lithium nuclei capture slow neutrons and 
emit energetic alpha-particles. If the boron or lithium atoms 
can be localised in the tissues where the radiation is desired, 
the alpha-rays can be released in these tissues, and therefore 
provide the radiation without damage to tissues lying nearer 
the surface or in the vicinity. Since the absorption of slow 
neutrons by boron or lithium is very much more pronounced 
than by other atoms occurring in the body, radiation effects 
would be entirely localised. Various attempts have been made 
to localise these elements in tumours, with preliminary success, 
but again the work requires more investigators. 

Conclusion. 

This report covers only a very small portion of the important 
develo])nients in n verv rapidly growing body of knowledge. 
It is hoped, however, that it will help to focus the attention 
of workers outside of physics in the vast fields of investigation 
which are being opened up by the use of the new instruments 
and techniques. The possibilities have so far hardly been 
explored, and we may look forward to a long period of intense 
activity in mmy branches of science resulting from the work 
of the last ten vears. 
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I wish to thank you for the honour in liuving elected me 
President of Section B. 

In his address last night, our President remarked that a 
presidential address should err on the side of popularity rather 
than be a cold-blooded exposition of scientific facts. I am afraid 
that I cannot follow that injunction with the subject which I 
have chosen. I shall have to lead you into a very material field 
— one which at times is far removed from cultural considerations. 

The primary purpose for my choosing the subject “ Chemical 
Engineering in South Africa is to make you aware of the exist- 
ence of the profession and of the part wdiich it jdays in industry. 
I hope that, by stimulating interest, we may eventually benefit 
to the extent that adequate facilities for training in South Africa 
in this professional course will be established. 

In any national stocktaking the degree of industrialisation 
occupies an important place in the balance sheet. The function 
of industry is to provide for present needs as well ns to safe- 
guard against shortages. In this respect, chemical industry 
occupies an important place in national progress, and contributes 
substantially towards national welfare. The ramifications of 
applied chemistry are deejdy interwoven with the fabric of 
modern civilisation. By its very nature, industrial chemistry 
caters for the present, points the way towards preparing for the 
future and, what is more, from an economic standpoint, blunts 
the power of monopolisation of essential products. 

We are well aware of the industrial progress which our 
country has made in the past decade, and we are witnessing 
the results of the impetus given to industrial self-sufficiency by 
the present world war. No less than other industries, chemical 
industry has made strides which raises it to one of the more 
important contributors to our national income. The annual 
contribution of the chemical industry, based on 1938-39 figures, 
is over 12 million pounds, and this is seven per cent, of the gross 
value of the output of all branches of our national industries. 
This figure represents the amount directly contributed by the 
chemical industries and does not include industries where 
chemical technology occupies an important place; it is only 
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exceeded by the food, drink and tiobacco industries (27 per 
cent.), engineering (18 per cent.), building and contracting 
(nine per cent.). 

Our chemical industry is very highly developed in certain 
lines; in others, it has maintained a level commensurate with 
limited scope, limited enterprise and limiting economic factors. 
The keen interest which is now being shown in chemical industry 
must be developed to the fullest extent so that what is being 
built up now can remain a permanent asset to our economic 
structure. Fortunately our industries are still young and 
amenable to wise counsel, and now is the time to put them on 
a scientific basis. 

Industrial chemistry has been defined as the “ chemistry 
of dollars and cents and as such it enters the realms of indus- 
trial or commercial enterprise. The elements of a successful 
industrial enterprise are equipment and personnel; when these 
two are co-ordinated properly we have a successful business. 
Successful industrial operation in the true economic sense means 
low cost of production. This, therefore, is the function of indus- 
trial chemistry ; the proper co-ordination of scientific principles 
by trained personnel, on a scale where correctly designed plant 
and equipment serve the accomplishment of chemical processes 
with the object of producing commodities at a cost which must 
be both economic and competitive in the sphere of business. 

Like every science, industrial chemistry has progressed with 
the increase of knowledge, and empirical methods are rapidly 
being discarded and replaced by proven scientific practice. 
Science has taught what to do and to-day few indeed can afford 
Ihe risk of going into a business without the knowledge of know- 
ing what to do. In the sphere of chemical industry the burden 
of this knowledge is vested in the chemist and chemical engineer. 
It is almost fifty years since practical thought ^^as given to the 
recognition of the necessity of training men who, besides being 
proficient in chemistry and its ajjplication to industrial problems, 
would possess knowledge and experience in the j)rinciples of 
engineering. The Institution of Chemical Engineers has adopted 
the following definition: “ A chemical engineer is a professional 
man experienced in the design, construction and operation of 
plant and works in which matter undergoes a change of state 
and composition." 

Chemical engineering is not a pot-pourri of chemistry and 
various branches of engineering. It is itself a branch of engi- 
neering, the basis of which is to control the sequence of chemical 
processes and to conduct them on an industrial scale. Chemical 
engineering co-ordinates unit operations quantitatively and pro- 
vides the equipment w’hereby they can be carried out. It differs 
from chemistry and from industrial chemistry in that these two 
are concerned primarily with the chemical reactions involved in 
the operations. Chemical engineering is responsible for efficient 
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operation, for the elimination of uneconomic production and thus 
for making a profit. 

In an article on Chemical Engineering in South Africa 
(Walker and Segal, Industrial Chemist," June, 1936), the 
authors make the following statement: " The industrial develop- 
ment of the Union has naturally called into service trained 
technical men, and, particularly in tlie chemical industries have 
the functions of the chemical engineer been fully appreciated. 
Further expansion must ultimately call into being engineering 
shops for the manufacture of chemical plant, when the fuller 
functions of the chemical engineer will be in demand.” 

In analysing this subtle process of appreciation we must 
confess that in the Union the value of plant and equipment was 
held in greater esteem than the chemical engineer. In other 
words, it has always been recognised that plant is more indis- 
pensable to chemical industry than the chemical engineer. Two 
factors acted against attributing the same degree of indispensi- 
bility to the chemical engineer; one, the risks of investing in 
the chemical engineer the onus of designing a plant, and two, 
the inability of the established engineering works to manufacture 
chemical plant. 

We must bear in mind that South Africa like every other 
country standing on the threshold of industrial expansion, has 
always looked to the old established European and American 
countries for guidance. The result lias been that the risk of a 
greater capital outlay was held to be a better investment than 
the risk of supposed improvisation. We cannot deny that there 
has always been a desire for plant engineers to manufacture at 
least some of their own plant units locally, but here the 
stumbling block has been that the engineering industry had not 
developed the manufacturing side sufficiently. Our engineering 
industry is, as ^et, more of the nature of a " servicing and main- 
tenance industry,” and until it is adequately catered for by the 
metallurgical and other allied industries we cannot count on its 
entering the manufacturing field. That our engineering industry 
can reach a versatility of accomplishment has been amply proved 
by its reaction to the strenuous demands of the present war. 

This aspect of the problem must, therefore, await its solu- 
tion in the results of the correlated efforts of all the engineering 
industries. It recalls again the interdependence of the sciences. 
It demands the optimum development of our resources of 
capital, of technical skill and of labour. 

The problem of personnel — that is, the training of scientific 
men for the manifold demands of chemical industry — is one 
which is of paramount interest to this Association for the 
advancement of science. 

Whatever the later application may be, the fundamental 
requirements for any chemical training must be, in my opinion, 
a sound knowledge of theoretical and practical chemistry. It is 
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only when this basic knowledge is obtained that we can afford 
to consider various branches of specialisation. Which is more 
important to the chemist, the knowledge of chemical facts or 
the memorisation of academic theories? After all, the heavy 
chemical industry in England was built up on the knowledge of 
oxides of sulphur, of the oxides of nitrogen and of the properties 
of the alkalies. It must not be inferred that 1 consider academic 
theories of no importance, but they must take their correct place 
in the sequence. Mark Twain saal that part of the secret of success 
in life was to eat w’hat you like and to let the food fight it out 
inside. 1 doubt whether tiiis would hold for the quasi- training 
in chemistry whicli is so often given hy some of our institutions. 
“ Tlie trouble with present-day education is that it covers the 
ground without cultivating anything in it,” says Ferris. It is 
the function of the educational institutions to carry out the 
proper cultivation and to enhance the fertility of the mind. In 
technical science, ]airticularly one in which so mucli work is 
being done and one whicli has made such tremendous strides in 
recent years, the soundness of the fundamental training is the 
corner-stone of the industrial superstructure. 

lieverting to chemical engineering, we must consider ihe 
subject of training in the light of what is expected of the quali- 
fied chemical engineer. We must acknowledge that cheniicjal 
engineering is dedicated wholly to the laofitable production of a 
variety of useful commodities. Thus we arrive at a differentia- 
tion between methods of systematic training. Since higher 
education is vested in Universities, we must recognise that train- 
ing should serve a two-fold purpose; to develop the general 
education and cultural status and to prepare a student for the 
material purpose of serving in a profession. All this must, of 
course, be done in a reasonable number of years. The cultural 
aspect must also be fostered so that gross materialism does not 
smother the finer qualities of the mind. 

Continental and American practice is in favour of a com- 
bination of an undergraduate course in science, with chemistry 
and mathematics as majors, with a post-graduate course in 
chemical engineering. In ^uth Africa, particularly at the 
Institution with which I was connected for a number of years, 
the University of the Witwatersrand, the course in chemical 
engineering is an undergraduate course. A bold (‘omparison can 
hardly be made between our practice and that overseas ; we must 
bear in mind the conditions set by and the requirements 
demanded by an industrially adolescent country, such as South 
Africa, and by countries where chemical engineering is an old 
established industry. In assessing the value of an educational 
and training course in chemical engineering, we must take into 
account a series of complex circumstances automatically set by 
the industrial needs of the country. Crystallisation of the ideas 
as to w'hat should constitute an adequate course has proved 
that those qualified must be familiar with lx)th chemistry and 
2 
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engineering and that a sound knowledge of the scientific founda- 
tions of different subjects is of greater importance than an 
elaborate knowledge of detail. 

The limitations of an undergraduate course may be criticised 
on the grounds that they would turn out professional men to a 
standard pattern. 1 doubt if this is of great disadvantage to our 
country. Rarely can a student predict what the nature of his 
future work will be and, therefore, wliat he must be given 
is a sound fundamental training so as to make him as adaptable 
as possible. In a course of this kind undue specialisation is 
avoided. I believe, therefore, that in s^) far as South African 
conditions are concerned a four-year undergraduate course in 
chemical engineering is desirable. 

The standing of chemical engineering as a profession was 
first officially re(‘Ognised in the United States of America by 
the establishment of the Institution of Chemical Engineers in 
1908. In Rritain, the Institution of Chemical Engineers was 
founded in 1921-8; its establishment was directly attributed to 
the Great War, the Director-General of Exjdosives Supplies, 
the late Tx)rd Moulton, drawing attention to the urgent neces- 
sity for the training of chemical engineers. The American and 
British Institutions are affiliated bodies. During the past 2.^ 
years chemical engineering has been universally recognised as 
a i)rofession and many Universities and Technical Institutions 
have established chairs of chemical engineering. In South Africa 
the first Department of Chemical Engineering was founded in 
1913 as the Department of Chemical Technology in the Faculty 
of Engineering of the S.A. School of Mines and Technology, 
which later became the University of the Witwatersrand. Up 
to the end of 1942, lOi) students have graduated with the degree 
of B.Sc. in engineering in the branch of cliemical engineering. 
From an analysis taken prior to the present war, 1 found that 
92 ])er cent, of the graduates follow^ed the profession and many 
of these have attained a high professional status. 

As pointed out previously, the chemical engineering course 
in England and in America is preferably taken as a post-graduate 
course to the B.Sc. degree; the course is an intensified one, 
over a period of two years, embodying the scheme of training 
laid down by the Institution of Chemical Engineers and leading 
to the award of an M.Sc. degree. In South Africa the course 
is taken as an ordinary degree course and it has been adjusted 
to follow the scheme of the Institution. 

It is very difficult to suggest a course of training for an 
undergraduate course, particularly wliere any specialisation is to 
be avoided. Chemical engineering covers a very wide field and 
it should be necessary only to give the student a sound know- 
ledge of the fundamentals of the various subjects and to 
encourage his initiative in full measure. 

In a four-year course, 1 yvould suggest that the course of 
study to suit our conditions takes the following form; — 
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First Ykar. — 1, Mathematics ; 2, Applied Mathematics; 3, Physics; 
4, Chemistry; 5, Geology and Mineralogy. 

Srcond Year. — 1, Mathematics; 2, Chemistry (Organic, Inorganic, 
Physical); 3, Engineering Drawing ; 4, Strength of Materials; 5, Fluid 
Mechanics; 6, Electrical Technology. 

Third Year. — 1, Chemistry (Organic, Inorganic, Physical, Indus- 
trial Stoichiometry) ; 2, Chemical Thcrinoiiynnmics: 3, Thermodynamics 
of Heat Engines; 4, Fuels and Combustion; 5, Metallurgy; Metallo- 
graphy; 6, Economics. 

Fouhth Year.— 1, Cnit Chemical Engineering Operations; 2, 
Materials of Construction; 3, Chemical Engineering Design and Con- 
struction; 4. Layout, Organisation and Manageineiit of a Factory; 
o, Chemical Engineering Economics. 

It is not necessary to formulate with precision any course. 
The actual details and scope of the instruction will depend on 
conditions and demands made by industry or even by the interest 
devoted by an institution to special subjects. 

Added to instruction in theory must be sound instruction in 
laboratory work. Those who have had experience in laboratory 
work will admit that the interpretation of the results is of great 
importance, and therefore training in the writing of reports 
deserves special attention. 

Vacation work should form an integral part of the ct)urse, 
since it is only under these conditions that a student realises 
the meaning of the industrial application of chemical processes. 
This method of training is particularly important in South Africa 
where as yet laboratory equipment and facilities are too limited. 
In an analogous way, students derivi‘ very useful instruction 
from visits to factories and excursions of this nature sliould be 
as varied ns time and opportunity permit. 

In formulating a course of this tyj)e, wliicli does not differ 
in great detail from the one at present given, 1 bear in mind the 
peculiar conditions set by our country. Chemical industry is at 
present in a state of flux and what is required of a newly- 
graduated student is that he finds lus feet quickly in any factory 
for which he has not had specialised training. Thus a greater 
versatility is demanded of him. On the other hand, the initial 
scope of a new undertaking is usually limited, so that a graduate 
with only a small measure of practical experience is not over- 
whelmed. A newly qualified student in chemical engineering 
can hardly be called a chemical engineer since he still lacks the 
experience which only practice and maturity can bring. As 
“ the end of courtship is the beginning of marriage,** so the end 
of the initial scholastic period is the beginning of a long period 
of practical training in the location, layout, design, finance, 
operation and management of chemical plant. 

An historical survey of chemical engineering in South Africa 
must take cognisance of the struggle of the “ pioneer ** South 
African graduates. It was a struggle of the trained piofessional 
man against entrenched men of practice. I am very glad to say 
that the profession is now fully re(‘ognised and chemical 
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engineers need no longer be engineers amongst chemists and 
chemists amongst engineers. 

The way for our future chemical engineers has been paved, 
and provided capable and efficiently trained men are prc^uced 
there need be no fear for the future of the profession. 

What is still lacking to a certain degree is the opportunity 
for research and investigation. There must be a greater public 
spiritedness among industrialists ; they will find that the process 
is cyclic and that they will benefit from the fruits of the 
researches which they can help to initiate. 

To foster this spirit is one of the main objects of this 
Association, namely, to give “ a stronger impulse and a more 
systematic direction to scientific enquiry and research.*' 

It was Francis Bacon who said: “ The division of the 
sciences are like the branches of a tree that join in one trunk." 
With the progress of scientific method, with the application of 
science to all fields of human activity, with the devotion of 
workers to the principles of science, this definition gains its 
full significance. No branch of science stands in an isolated 
position. 

Science cannot as yet explain the life im])ulse but it can 
help to ameliorate the conditions of living. And this is precisely 
the purpose of industrial chemistry — to make easily available 
to all, that which would otherwise be beyond the reach of many. 

In the present clouded days, the many blessings of indus- 
trial progress are overshadowed by the ravages of modern war- 
fare. We are aware of a sinister misapplication of science, or 
what has been frequently referred to as the " frustration of 
science." The cure lies in the correct direction of scientific 
thought; it calls for active citizenship by scientific men who 
must not be trammelled only with professional work ; it demands 
from this Association " to strive, to seek, to find and not to 
yield." 
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Introduction. 

During the past ten years there has been an increasing 
realisation of the fact that the Union is not primarily a grain- 
producing country with large tracts of fertile soil only waiting 
to be exploited and that no very considerable expansion in the 
production of citrus or deciduous fruits can be expected as the 
areas in which it is possible to grow these crops on a commer- 
cial scale are strictly limited. Indeed it is now ac^cepted by 
most agricultural authorities from our great leader Field-Marshal 
Smuts downwards, that South Africa is a pastoral country and 
that, as a consequence, agricultural policy should be based 
largely on the development and better utilisation of pastoral 
resources. The Union possesses extensive areas of natural 
grazing or veld, rich in valuable grass species and, notwithstand- 
ing the tendency of many people to stress flie frequent occurrence 
of droughts, enjoys a fairly reliable rainfall of 20 inches per 
annum or more over the eastern half of the country. Tins 
address is concerned almost entirely with the possibility of 
realising the potentialities of these extensive grasslands. 

The Veld. 

The areas of veld or natural grazing in the Union of South 
Africa, disregarding provincial boundaries and excluding native 
reserves, may be divided into the following four categories; — 

1. Arid area, receiving less than 10 inches rainfall per 
annum. This area, including most of the Karitx) and the North- 
western Cape Province, amounts to 29 million morgen and. 
according to the 1936-37 agricultural census, supports a tf)tal 
of 1,037,000 livestock units. In this paper, a method u^cd by 
Clarke has been followed whereby numbers of livestock are 
calculated as mature livestock units. In making these calcula- 
tions, allowance was first made for the age groups of the different 
classes of livestock and then all animals were converted into 
livestock units by taking horses and mules as *75, donkeys as *5 
and sheep and goats as *143 of a livestock unit. 

The figures given in the 1936-37 census report have been 
used in preference to those of later r^orts, as there the age- 
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groups of the classes of livestock are given, whereas in subse- 
quent years only totals are given. 

2. - Semi-arid area, receiving from 10 to 20 inches of rainfall 
per annum. This area, which includes Oriqualand West, the 
Western half of the Free State and the Cape Midlands, com- 
prises 27^ million morgen and in 1936-37 supported 3,084,000 
livestock units. 

3. Sub-humid area, receiving from 20 to 30 inches rainfall 
per anilum. This area includes portion of the Northern Trans- 
vaal, the Transvaal and Free State high-veld areas, a portion 
of the Eastern Province and the South Western Cape and 
amounts to 24 million morgen, supporting in 1936-37, just over 
6 million livestock units. 

4. Humid area, receiving over 30 indies of rainfall per 
annum. In this area, which includes the Eastern mountain 
grassveld areas of the Transvaal, Natal and a portion of the 
Eastern Province, Ilf million morgen, in 1936-37 supported over 
3 million livestock units. 

Total Livestock Population. 

European holdings in the better watered section of the 
Union, i.e., the sub-humid and humid areas thus comprise over 
35J million morgen, which support just under 8f million live- 
stock units, including native stock on European farms. This 
gives an average carrying capacity of one livestock unit to 4-3 
morgen of veld. Full allowance has been made for the actual 
areas under crops and forests and also for the land under dwel- 
lings and farm buildings. In the drier section of the Union, 
56| million morgen support rath(»r more tlian 4 million live- 
stock units, giving an average carrying capacity of one live- 
stock unit to 14 morgen of veld. 

For the sake of convenience, from now on, I shall refer to 
the sub-humid and humid areas as the high-rainfall area, and 
the arid and semi-arid areas as the low-rainfall area. 

Native Reserves. With regard to tlie reserves, it has not 
been possible to ascertain the exact areas, but according to Jones, 
the amount of land owned by natives at the time of the 1936 
Act was 10,410,000 morgen. If we add the areas owned by 
natives in the released areas and in European areas, we get a 
total of 11,360,000 morgen. On this area there were maintained, 
according to the 1936-37 Census, some 4,072,000 livestock units. 
As the Census does not give the age groups of livestock in the 
reserves, it was considered accurate enough for the purposes of 
this address, however, to assume that the age composition of 
native livestock was the same as that of European owned stock. 
The factors suggested by Clarke were therefore used in arriving 
at the above figure. 
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Although most of the native reserves fall in the high-rainfall 
area of the Union, there are several in the Nortliern Cape, in 
the districts of Mafeking, Kurunian, Taungs and surrounding 
regions. The total area of these and their livestock population 
are not known, but it was thought fair to assume that in the 
high rainfall area of the Union, about four million livestock 
units were maintained on 11 million morgen. From this area 
must be substraoted the land under cultivation and that covered 
by dwellings and other buildings. This can liardly be less than 
one million morgen which means that the reserves were stocked 
at the rate of one livesto<*k unit to ‘2^ morgen. 

Combining these two sets of figures, we find that in the high 
rainfall area of the Union, there arc roughly 1‘2J million livestock 
units on about 46 million morgen of veld. It will be readily 
appreciated, therefore, that the veld in the high rainfall area 
is one of our most important agricultural assets, and it is pro- 
bably fair to say that a substantial proportion of its enormous 
livestock population must obtain practically all its nutrient 
requirements from the natural grazing. It is true that the veld 
is helped in this task of sustaining its animal ptipnlation by 
188,000 morgen of teff, 41,000 of other cultivated grasses, 1B,00() 
of spineless cactus and saltbush, 102,000 of lucerne, as well as 
the aftermath grazing of crop lands, but in relation to the 
amount of feed required, this assistance is far too small to pre- 
vent heavy losses of liveweiglit in winter, and eveessivo stock 
losses through starvation in many parts, ])articularly in bad 
seasons. In fact, Hall has estimated that in 1934, our docks 
and herds could have subsisted for only 40 days of the winter 
on all the supplementary feeds then available. 

Thkat.ment of the Veld. 

In ^ievv of the importance of our pastoral industfies, it is 
pertinent to enquire, therefore, what treatment is meted out to 
our veld. The answer is that, except for very small areas under 
the control of a few entlnisiasts, our \eld, by and large, is given 
no treatment at all. llnrning is done indiscriminately, grazing 
is badly controlled or not controlled at all, so that over or under- 
grazing are usually taking place and, so far removed are vve from 
the idea of restoring or improving the fertility of our soils under 
veld, that those who suggest fertilising veld, are regarded with 
suspicion. The i*esnlt of our attitude towards the veld in general 
may be summarised in the words of the Industrial and Agricul- 
tural Requirements Commission, which states in the review of 
our agricultural resources contained in its third report that ‘'at 
present, iinj)roper pasture management is resulting in an almost 
general deterioration of natural grazing, culminating in further 
denudation and moisture loss. Tlius, what should be the most 
durable of the Unioirs natural resources is being disbi])ated 
extensively and at a cumulative rate.** 
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Tf a national policy is to be evolved, it is imperative that 
problems of veld management should be investigated at more 
centres and in more of the distinctive veld types than is now 
the case, and when once new information is available, more 
effective machinery must be devised to ensure that these find- 
ings are put into practice by farmers. For instance, as far as 
burning of veld is concerned, much valuable information has 
been accumulated, but with few exceptions farmers who bum 
their veld are guided by little but whim or custom. Thus, it is 
not uncommon for farmers in many parts to burn veld in the 
growing season to provide fresh green grass for late summer 
grazing, although this has been shown to be a most deleterious 
practice. It is certainly less work than making hay in the 
summer or growing oats or other winter cereals for grazing, but 
its effect on the better species of veld grasses is ruinous. 

Again, the mowing of veld in place of burning or as a valu- 
able aid in veld management, needs emphasis in many areas. 
Admittedly there are large tracts of rocky and mountainous veld 
which cun never be mown, and other extensive areas where 
scrub and bush \^ould prevent mowing unless clearing or thinning 
were undertaken. Nevertheless, it must be one of the important 
points of a national pastoral policy, that mow^ing of veld be 
encouraged wherever possible for the control of grazing and con- 
servation of the summer surplus of grass. This topic will be 
referred to later. 

The spreading of thorn trees is allowed to proceed practic- 
ally without check and is a serious matter in various parts of 
the country. Research into this problem is urgently needed 
and should be generously financed, in order that the proper 
balance between grasses, shrubs and trees may be determined, 
and methods of maintaining this balance evolved and put into 
practice. The area of veld involved is so great that thinning out 
the bush on a large scale might well be given attention when the 
post-w’ar re-employment problem is being considered. 

Aoro-Economic and Regional Surveys. 

The management of grazing, as Irvine puts it, entails 
“ adequate provision for the grazing animals at all seasons of 
the year, and at the same time the securing of stability or 
gradual improvement of pasturage." It will be readily admitted 
by most farmers that at certain times of the year, usually in 
early summer, there is more grazing available than the stock 
can consume, but for the rest of the year the animals can barely 
maintain their weight, and, in winter, unless supplementary 
feeding is resorted to, they steadily lose weight. In a bad 
season, or when spring rains are delayed, stock losses assume 
alarming proportions, mainly through starvation. Thus in the 
1986-87 season, which was by no means a bad one, stock losses 
in the high-rainfall area alone totalled 800,000 livestock units 
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or 7*27 per cent, of the livestock population. In the European 
areas 49.>,000 livestock units or just under 6 per cent, were lost, 
while in the reserves 355,000 units or 8*9 per (*ent. were lost. 
In the low rainfall area total losses were 234,000 or 5-7 per cent, 
of the total population. We should no lonjijer look with equani- 
mity on these heavy losses which occur year after year, even 
in good rainfall seasons. 

It will be difficult to remedy this state of affairs over the 
country as a whole until the various types of veld ha\e been 
mapped in greater detail and tlic potentialities of the different 
types have been assessed over a period of years. 

Ill this connection, the Agro-economic survey of the Union, 
now being conducted by officers of the Division of Economics 
and Markets, is a step in the right direction, although the whole 
basis of their survey should be broadened by including animal 
and field husbandry officers, as well as pasture research officers 
ill the team of investigators. This would result in a scientific 
appraisal of the physical resources of a region and there would 
be less emphasis on the financial aspect of current farming 
systems, (liven this information, we should be able to make 
plans for the future of agriculture on a much more reliable basis, 
for we would know' more about the productive possibilities of 
the different parts of the country and consequently how to pre- 
serve and improve rather than waste our assets. 

When once we have surveyed the whole country in this 
way, we shall have a better idea of the potential carrying capa- 
city of various types of veld and, wdiat is perhaps of even more 
importance, we shall be in a position to establish some control- 
ling body or bodies to keep in touch with agricultural develo])- 
ments in various districts and, if need be, to take action to 
regulate grazing and stocking in the interests of the country as 
a whole. 

In the United States of America, bodies of farmers have 
been formed to control erosion in certain areas and these* bodies 
have been endowed with the necessary legal authority to enforce 
their decisions. In South Africa, such bodies might be farmers' 
associations in a typical veld area or public servants responsible 
to the Division of Soil and Veld Conservation, but, however 
constituted, they must have some power to enforce the decision 
of the majority of the farmers. Public opinion must be behind 
them in a firm resolve to prevent at all costs the destruction 
of our veld. 

In formulating a national grazing policy, we must have the 
courage of our convkstions and see to it that no distinction is 
made between veld belonging to Europeans and veld belonging 
to natives. In the long run, it wdll do us no good to maintain 
and preserve the veld under European control, while scattered 
widely over the country, native locations and even municipal 
areas and town lands are being steadily ruined. If it is admitted 
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that the veld in European control in the high-rainfall area of 
the Union is deteriorating in many parts under a rate of stocking 
of 4 t‘l morgen per livestock unit, what must be happening in 
reserves where from 1-6 to 2 morgen are available per unit? On 
one small mission farm in Natal, less than half a morgen is 
available per unit. 

The situation, admittedly, bristles with difficulties, not the 
least of which are the traditional Bantu outlook with regard to 
stock and the European belief that in some n)iraculous way 
denudation, destruction and erosion in reserves will have no 
harmful effect on European areas, but will, on the other hand, 
serve to augment the suj)ply of native labour. Happily there 
are signs that both views are changing, and if this problem is 
tackled with courage and determination, the veld may yet be 
saved. 

Grazing Control. 

From what has already been said, it should be clear that 
even when we ha\e information about the areas and composition 
of the various veld types, upon which to base a national grazing 
])olicy, it will be essential to ensure much belter utilisation of 
the herbage than has been the case in the past. 

Without some means of sub-dividing the grazing areas, the 
farmer cannot exercise the control essential to the efficient use 
of the veld. As far as South Africa is concerned, that means of 
sub-division and control is fencing. The grazing of veld types 
in smaller units; grazing at times best suited to different veld 
types ; resting and ])rotection of pastures — in fact, the intelligent 
management and efficient use of our grasslands depend ultima- 
tely on reliable stock-proof fencing. 

In my opinion, the provision of fencing is one of the funda- 
mentals of a national pastoral policy and the amount of materials 
required is so large that the question of establishing new factories 
and encouraging existing factories to increase the production of 
fencing materials might well be considered as a factor in a post- 
war re-employment programme. 

It is difficult to estimate with reasonable accuracy the 
amount of fencing required by the country as a whole, but the 
following figures are submitted in the hoj)e that some idea may 
be gained of the magnitude of the amount of inatc^rial involved. 

In the first place, trade and shi])ping returns for the period 
1985 to 1939 sliow that our annual imports of fencing material 
ranged from 9,000 to 17,900 tons of barbed wire, 12,000 to 18,900 
tons of plain fencing wire, 13,000 to 25,000 tons of standards 
and posts, and 3,000 to 5,250 tons of droppers. On tlie basis of 
four strands of wire in a fence and 700 yards of wire in a 100 lb. 
coil, the largest importation of barbed wire, namely 17,900 tons 
w’ould allow the erection of over 35,000 miles of fencing. If all 
the plain fencing wire were used in the same way, our pre-war 
imports would have made possible the erection of up to 70,000 
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miles of fencing per annum. Of course, much of this wire was 
used in urban areas and for other than fencing purposes, so that 
in the immediate pre-war years, we probably erected something 
like 25,000 miles of fencing on farms every year. 

Amount of Fencinc. Hequired on Farms. 

Jn order to obtain some idea of the fencing that would be 
required to subdivide farms according to improved methods of 
veld management, a rough calculation of the jierimeters oj^ farms 
with the minimum number of grazing camps in a given* area 
has been made. The provinces of Natal and Transvaal were 
Sfdected, as both fall within the high rainfall area of the Union, 
and the average area of farms in each of the categories given in 
the 1936-37 Census was determined. Assuming all farms to be 
square, the length of the side for the average farm in each. cate- 
gory was computed. Then allowing from 2 camps each for 
fanna of from 5 to 20 morgen up to 18 for randies of lO,0()O 
morgen and over, it w^as estimated that the minimum fencing 
requirements for these two provinces would he some 498, (KHl 
miles. 

Those portions of the Orange Free State and Cape provinces 
falling in the high-rainfall area are together probably less than 
half tlie area of the two provin(*es taken above and hence their 
fencing requirements on the same basis would be about 250, (K^ 
miles. The total for the high rainfall area is therefore at least 

750.000 miles of fencing. Now, if we assume very generously 
that half the farms in this area are already adequately fenced, 
and the remainder already have half the fencing they require, w’e 
would still need at least 187,000 miles of fencing in the liigli 
rainfall area of the Union. 

In the low-rainfall area of the Union, where farms are larger 
and, owing to the lower average carrying capacity, grazing is on 
a more extensive scale, the fencing requirements would be much 
lower than in the high-rainfall area of the Union. Furthermore, 
in certain sections, where sheep farming predominates, inpch 
jackal-proof fencing was erected prior to 1939. Nevertheless, 
this area probably requires as a minimum 500,000 miles of 
fencing and, making the same assumptions as previously, we 
arrive at a total of 125,000 miles for this area. In all, T estimate 
that European farms in the Union require* at least a further 

300.000 miles of fencing in order to c*nsure some degree. of con- 
trol over the grazing. When eroded areas, which should' he 
fenced until a vegetative cover is re-established, and tlie' thou- 
sands of miles of dongas which should also be protected' from 
stock, both in natiye and European areas are included, it’ will 
be seen that our requirements of fencing fioin the point of view 
of veld conservation alone must be w^ell over half a million miles, 
without makihg any allow^ances for material required for replace- 
ment of existing fences. Even if we accept the lower figure of 

300,000 miles, it means approximately 150,000 tons of barbed 
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wire, 230,000 tons of standards and posts, and 56,000 tons of 
droppers. These amounts are so large that I would suggest the 
adoption of a five-year plan in which from 50,000 to 60,000 miles 
of fencing could be erected per annum. The financing of such a 
plan could be effected either by means of fencing loans on 
attractive terms, or by means of a subsidy for approved fences 
erecded within a specified period. No matter how the scheme is 
finally brought into being, our watchword must constantly be 
more fencing to save the veld. Along with more fencing must 
go education in pasture management for the camping off of the 
veld cannot by itself maintain or restore it. 

Conserving and Improving the Fertility of Our Soils 
AND Pastures. 

Although it is agreed by most people who have given the 
matter any thought that South Africa is not a rich country — 
agriculturally speaking — our soils, poor as they are, are never- 
theless being exploited and, as far as the veld is concerned, the 
question of maintaining, let alone improving fertility, is seldom 
considered. Before going on to deal with the subject in more 
detail, it may be worth while to turn for a moment from the 
traditional outlook of the average South African farmer towards 
his veld, which is to look upon it as a gift of Nature, requiring 
nothing from him in return and examine some modern trends 
with regard to fertilisers and soil fertility. This will serve to 
place the subject in its proper perspective. 

The period 1941-42 marked two most interesting centenaries 
and, had it not been for the war, most agricultural workers and 
scientists would have freely acknowledged their importance. 

In 1842, John Bennett Lawes took out a patent for the 
manufacture of superphosphate from mineral phosphates. The 
only source of phosphatic fertilisers prior to that time had been 
hones, either freshly ground or burnt. By 1862 the annual pro- 
duction of superphosphate in England had risen to 200,000 tons, 
and, by 1937, world production had reached a total of 16,868,000 
tons, of which it was estimated 16,564,000 tons were actually 
used in that year. 

The second is also a fertiliser centenary for, although 
sulphate of ammonia in the form of gasworks residues had been 
used in the liquid form in the first two decades of the 19th 
century, it was not until 1841 that the first authentic experiment 
with this product was recorded in Scotland. In 1849, it was 
reported that a considerable number of farmers were using 
sulphate of ammonia, and, by 1870, the production of this 
material in Great Britain had risen to 40,000 tons per annum. 
By 1900, the world use of nitrogen had raised the production of 
inorganic nitrogenous fertilisers, such as sulphate of ammonia 
and nitrate of soda, to 300,000 tons per annum, and it has been 
estimated that by 1936 world consumption of nitrogenous ferti* 
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lisers had risen to just over 12 million tons containing 2,214,000 
tons of nitrogen. 

In this connection a point of great importance is that in 
1900, Chilean nitrate of soda accounted for 66-6 per cent, of the 
inorganic nitrogen used, distillation of coal 33*4 per cent., while 
none was obtained from the air. By 1913 Chilean nitrate had 
dropped to 56*4 per cent, of the total inorganic nitrogen used, 
coal had increased to 37*3 per cent., and 7*3 per cent, was 
obtained from the air. By 1934, nitrate of soda had dropped to 
6*9 per cent., coal to 18*6 per cent., and production from the 
air had gone up to 74*5 per cent, of the total. The significance 
of this revolution in the production of inorganic nitrogenous 
fertilisers can hardly be over-emphasised, since it has been 
estimated that there are 20 million tons of nitrogen over every 
square mile of the earth’s surface and hence the supply of the 
primary raw material is, practically speaking, inexhaustible. 
The technique of “fixing” atmospheric nitrogen having been 
developed, the dream of an age of plenty has now become a 
possibility. 

Now, in view of the increasing world output and use of 
nitrogenous and other fertilisers, we may ask about the position 
of our veld and the pastoral industries it supports which, accord- 
ing to studies of ilie National Income, at present account for a 
net value of about £30,000,000 a year. The answer is, that of 
the fertility which is being withdrawn every year, very little is 
being put back by man. Neilson pointed out in 1931 that over 
fv five-year period, the average annual loss to the veld in pastoral 
])roducts exported, i.e., quite apart from those consumed locally 
and from all arable production, was over 13,0(X) tons of nitrogen, 
709 tons of phosphoric oxide and over 6,000 tons of potash. 
During this same period only 2,970 tons of nitrogen were 
imported, hardly a ton of which, it is safe to say, was applied to 
the veld. Our average annual imports of phosphoric oxide were 
37,000 tons, and of potash 4,550 tons, but these fertiliser con- 
stituents were applied almost entirely to agricultural crops and 
not to natural pastures. 

It may be claimed that, under natural conditions, there must 
have been an equilibrium in which the return of nutrients to the 
soil balanced the production of grasses, herbs, shrubs and trees. 
This is probably true, but conditions have changed, however, and 
can no longer be considered “ natural.” With modern ways of 
life there is now a constant flow of ])a8toral products away from 
the land to the cities and even overseas. Although the manure 
and urine of animals return to the veld, and every year about 
10 lb. of nitrogen per morgen come down in the rainfall, there 
is still a loss of nitrogen from the solid pari of the manure, and 
the nitrogen and minerals in animal products such as meat, milk, 
cheese and wool are, for the most part, lost to the veld. 

Lipman and Conybeare, in the United States of America, 
estimate there is a net annual loss in that country of 6*05 million 
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tons ot nitrogen, notwithstanding gains of 5-46 million tons due 
to symbiotic fixation, 4-37 million tons due to non-s} mbiotic 
fixation and 3-38 million tons from rainfall and irrigation. Very 
little information is available as to the amount of nitrogen fixed 
by tliorn trees or other legumes in the veld in South Africa, 
nor do we know definitely what amount of nitrogen is gained 
by non-symbiotic fixation, so that it is not possible to present 
an accurate balance sheet with regard to tliis element. How- 
ever, when we consider the amount of nitrogen in pastoral pro- 
ducts exported prior to 1939, and the consumption of these 
j)roducts in the Union, it would probably not be very wide of 
the mark to estimate a loss to the veld of at least 100,(XX> tons 
of nitrogen a year. As a check on tlie a(*curacy of this estimate, 
we may note that Clarke has calculated a livestock unit weighing 
1,1*20 lb. requires 130 lb. nitrogen per annum for maintenance 
alone, i.e., a total of some 833,000 tons of nitrogen for the live- 
stock in the high-rainfall area of the Union. Subtracting from 
this the 230,000 tons that come down in the rainfall, we find 
that over 0(X),(KX) tons liave to be provided by the grass from the 
soil. If only a (juarter of the nitrogen taken in by stock is not 
returned in the form of manure and urine, then no less than 
1»')0,000 tons of nitrogen must be taken from the veld each }ear 
for livestock maintenance. The production of milk, meat, 
cheese and wool, the w^ork of draft animals and the growth 
requirements of young sto(*k must increase this amount consider- 
ably. 

If this reflects the true position wnth regard to the veld, w’e 
may ask what can be done to restore the fertility of our soils 
under pastures. One of the first things that comes to mind is 
the encouragement of clovers and other edible legumes. In prac- 
tice, however, this does not offer very much relief, as our soils 
lack phosphates and many of them are very acid. Our climate 
also, witli its alternating wet and dry spells in the hot summer 
and a cold, dry winter, is not one under which clovers tlirive. 
In moist low’-lying areas, clovers might be encouraged, but in 
the aggregate the amount of nitrogen fixed by this means must 
remain small in relation to the total amount requiied to offset 
nitrogen losses. 

We are thus forced to the conclusion that South Africa ought 
to come into line with other countries which now draw freely 
on the atmosphere for their nitrogenous fertiliser requireanents. 
There is evidence that this country is awakening to the great 
need for nitrogen, for our imports of sulphate of ammonia, prin- 
cipally for fertilisers, have risen steadily from 1,376 tons in 1927 
to over 15,000 tons in 1939. Nitrate of soda imports for agricul- 
tural purposes, although small, also increased over the same 
period. Up to 10,000 tons of bone fertilisers were also imported 
annually up to 1939. This is all to the good, but it must be 
admitted that, although some fertilisers containing nitrogen may 
have been applied to improved pastures and fodder crops fed to 
stock, practically nothing has been applied to the veld. 
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This brings us to the main argument of this address which 
is tiiat, unless we change radically our attitude with regard to 
the veld and consider it in every way as deserving of our atten- 
tion as agricultural crop lands, and hence become willing to 
fertilise it liberally with nitrogenous fertilisers, we will be 
neglecting one of the most important factors in our internal 
economy— one, moreover which could put oui* pastoral indus- 
tries on a sound footing, help materially in preventing erosion 
and enable us to feed all our people adequately. 

Not only must we make good the losses from veld, but we 
must look upon the veld as a medium for the conversion of 
inorganic nitrogen into forms of protein required by livestock, 
for grasses are pre-eminently adapted to making use of large 
quantities of available nitrogen and converting it into nutrients. 

Investigations carried out by Hall and members of his staff 
since 1930 have shown that our veld responds, as do the grass- 
lands of other countries, to applications of nitrogen. Considera- 
tions of time do not permit of this work being dealt with in 
detail, but some salient points may be given to indicate briefly 
the results that liave been obtained. Thus the apjdication of 
(iOO lb. sulphate of ammonia per morgen in three dressings, 
along wdth pliosphates and [)otash has, firstly, donbled the carr\ - 
ing capacity for the summer grazing season, six animals being 
maintained on four morgen as against three on four morgen 
receiving iw) fertiliser. The average annual liveweight gain over 
four seasons ^^as increased from 131 lb. to 419 lb. per morgen. 
In addition, there was some surplus herbage produced on the 
fertilised veld which, though not consumed in summer, when 
mown, cured and stacked, was readily eaten in winter. This 
production was obtained on what would be considered poor, 
sour veld on an acid sandy loam deficient in phosphoric oxide, 
nitrogen and potash. 

Hay yields from the sumo areas in a subsequent season 
showed that the unfertilised veld produced 1,710 lb. per morgen, 
whereas the fertilised veld produced 4,824 lb. containing 42 lb. 
nitrogen. The nitrogen content of the unfertilised hay was not 
determined, but even if it were as high as that of the fertilised 
grass, which is doubtful, the yield would have been only 15 lb. 
per morgen. 

It is thus clear that the application of 600 lb. sulphate of 
ammonia per morgen increased the carrying capacity of poor 
veld from three animals per eight morgen for the whole year 
to six per eight morgen or up to three animals per four morgen. 
As tlie average carrying capacity for European farms in the 
high-rainfall area is^ one livestock unit per 4*3 morgen, it is 
obvious that wherever we can fertilise we can at least double 
the carrying capacity. Lest this be taken as a possible cause 
of overstocking, I hasten to add that in our fertiliser treatments 
the grass cover increased in density and, although there have 
been botanical changes such as an increase in Eragrostis species, 
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production of weight increases has been maintained and surplus 
herbage ungrazed in summer has been readily consumed in 
winter. Fertilising the veld will thus help to prevent erosion 
by improving the grass cover and will not lead to overgrazing 
unless, of course, it is accompanied by mismanagement. 

With regard to the potential use of nitrogenous fertilisers in 
South Africa, it is easy to speculate and arrive at astronomical 
figures involving millions of tons. The farmer has to be con- 
vinced, however, that fertilising will pay and the price of nitro- 
genous fertilisers will have to come down considerably before 
much progress can be made. Prior to 1939 the trend of prices 
for nitrogenous fertilisers was downwards all over the world, and 
it is to be hoped that before long, this trend will be in evidence 
again and the rate accelerated. More important even than the 
provision of cheap fencing, I look upon cheap nitrogen as the 
crucial factor in our pastoral economy. 

So great are the benefits to be derived from the liberal use 
of nitrogenous fertilisers, that we must increase our consumption 
and put to good use all the by-pro'duct ammonia from coal that 
is being or may be produced in this country. After the war we 
should take advantage of increased production of nitrogenous 
fertilisers in other countries which will possibly be available at 
reduced prices. Eventually, as consumption increases, it may 
be necessary and desirable to undertake the production of synthe- 
tic nitrogenous fertilisers in South Africa. If every European 
farmer in the high-rainfall area of the Union could fertilise one- 
tenth of the area of his veld at the rate of 600 lb. per morgen, 
it would mean increasing the carrying capacity on 3^ million 
morgen from 800,000 to 1,700,000 livestock units, besides pro- 
viding better grazing for the increased numbers. A programme 
of this nature would involve an amount of over a million tons 
of sulphate of ammonia or nitrochalk. As our fertiliser con- 
sumption mainly for arable crop production has reached a total 
of almost 400,000 tons per annum, including about 15,000 tons 
of inorganic nitrogenous fertilisers, the fertilising of pastures 
may well bring about a trebling of the total amount consumed. 

The use of nitrogenous fertilisers is not recommended in 
the low-rainfall area, except perhaps on irrigated lands, as farm- 
ing is on too extensive a scale and the climate in general is such 
as to preclude economical returns from applications of fertilisers. 
It is essential, however, that a careful study should be made of 
the veld in this area so that it may be soundly managed and 
utilised in the best possible way. This might involve more 
fencing and an increased use of a complete rest for a season 
or more in rotation. 

To give one-tenth of the native areas 600 lb. sulphate of 
ammonia or other nitrogenous fertiliser per morgen would 
require an amount of 300,000 tons per annum. In these areas 
it would do relatively more good than in European areas for the 
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pastures in the reserves are consistently over-grazed and the 
grass is always short. Tn fact, it would be to the lasting benefit 
of the country as a whole if as great a proportion of the native 
reserves as possible could be fertilised, thereby increasing the 
density of the grass cover and greatly augmenting tlie pmdiic- 
tion of foods of animal origin, especially milk, for the inhabitants 
of these areas. 

Phosphates, Potash and Lime. 

With regard to dressings of phosphate, our experiments have 
shown that the average phosphoric oxide content of the herbage 
can be increased from 0*17 per cent, to 0*29 per cent, bv means 
of annual applications of 400 lb. rock and superphosphate 
mixture per morgen, but the application of phosphatio fertilisers 
by themselves does not give returns of sufficient magnitude to 
make it profitable. An average content of 0*30 per cent. PjO^ in 
the herbage is low compared with that found in other (jountries. 
but the animals in our experiments appear to have thrived and 
never to have consumed much phosphatic lick, although it was 
always available. 

As pasture grasses will not make the best response to nitro- 
genous fertilisers unless some phosphate is applied, however, w'c 
should consider applying a phosphatic fertiliser, say, at least 
once in three years to the veld. This should make it unneces- 
sary to feed bonemeal on such veld for the greater part of the 
growing season. As most fanners seem to find the practice of 
feeding bonemeal inconvenient, fertilising the veld may ])r()ve 
to be an easier way of preventing phosphate deficiency. Ferti- 
lising one- tenth of the veld, both native and European, in the 
high-rainfall area at the rate of 400 lb. superphosphate once in 
three years, wrhich is about the minimum if wwthwliile results 
are to be expected, would require the application of 320, (KK) 
tons annually. 

With regard to potash, the evidence thus far obtained 
indicates that our soils are fairly well supplied with this ferti- 
liser constituent, and on veld, at least, no significant increase 
is brought about by its use. For the time being, therefore, w*c 
may conclude that no potash need be applied to the veld. 

As far as lime is concerned we know that, although grasses 
will thrive on both acid and alkaline soils, they nevertheless do 
respond to lime applications on acid soils. We should keep in 
mind, therefore, the possibility that liming may be beneficial 
on many of our poor veld areas and that, if sulphate of ammoni.i 
is used on a large scale in the future, applications of lime will 
be necessary from time to time to prevent the soil l)ecoming 
unduly acid. Liming wdll also encourage the development of 
clovers where the climate is suitable. 

It is not necessary at this stage to work out the amount of 
lime that might ])rofitably be used, as the needs of our grass- 
lands for nitrogen and phosfihorus are relatively much greater 
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than for lime and our immedate task is to see that these two 
plant food elements are supplied. 

Compost. 

At the present time, when fertiliser supplies are limited, 
attention has been diverted to the provision of substitutes and 
we are now witnessing an intensive campaign having as its 
object the conservation of all organic wastes and their conver- 
sion into compost. This is a laudable objective, but there are 
a few points in connection with compost manufacture that should 
be kept in mind. It has been shown in numerous experiments, 
for instance, that in composting there is a loss of carbon as 
carbon dioxide and usually of nitiogen as ammonia. The loss 
of nitrogen is usually estimated as being about 15 per cent., 
wliile that of carbon may rise to 50 per cent. Composting, 
therefore, does not add to the amount of nitrogen “in circula- 
tion** as it were, althougli it does reduce the waste of organic 
matter. A second point is that compost inanufaclure lias a high 
labour requirement, particularly if it has to be turned one or 
more times. This will limit its usefulness, for our aim must be 
to reduce the labour requirements of our agricultural activities 
and replace hand labour wherever possible by machinery. Care- 
ful check must be kept on the costs of compost, as it seems 
easy to over-emphasise its valuable qualities and see in them 
something almost magical and lose sight of the fact that the 
plant nutrients it contains may bn costing us more than they 
are worth. 

A final point is that if compost is ap])lied to permanent grass- 
lands, the loss of nitrogen to the atmosphere and the resultant 
low recovery of nitrogen in the grazing or liay will make its use 
uneconomic. The application of compost to land being pre])ared 
for pastures or arable crops, where it can be j)louohed in imme- 
diately, is, on tlie other hand, to be strongly recommended. 
The utilisation of waste straw, damaged hay, surplus grass and 
waste silage ho enrich our arable lands and increase their yields 
is a sound farming principle provided that the cost can be kept 
within reasonable limits. In actual practice it will usually be 
found that when it comes to a question of applying 20 tons per 
morgen over an appreciable area, handling and transport pro- 
blems become too difficult for the average farmer. 

Supplementary Grazing. 

Tliis brings us to the question of the treatment of our supple- 
mentary pastures, which were mentioned earlier in this address. 
A vigorous campaign for the popularising of what the census 
terms “other cultivated gra.sses*' has been carried out for some 
14 or 15 years, but the total of 41,500 morgen for the whole 
Union in 1936-37 is disappointingly small. This is probably due 
to several factors, of which the most important are : that many 
of the grasses recommended, particularly those of the Woolly 
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Finger family, set little or no viable seed, and hence pastures 
have to be planted from roots or stolons ; without adequate ferti- 
lising or manuring, the yields, particularly after the first season, 
are often inferior to those given by the veld; and, lastly, most 
introduced or cultivated grasses need careful management. 

With regard to yield, our experiments have shown that, at 
the 600 lb. sulphate of aiiimoiiia to the morgen level, Veld 
grasses can outyield a Bhodes grass and Paspalum dilatatuiii 
mixture on a poor sandy soil which has dt*velopod on granite, 
as regards both total yield and (*rude ))rotein production. This 
should not be taken to mean tliat these cultivated grasses have 
no place in our pastoral policy, for most of them are very 
palatable, give good yields when adequately fertilised, and often 
give grazing at times wdien the veld has gone off or is dormant. 

The fact that most cultivated grasses have a high fertility 
requirement is illustrated by the tw'o following examples: — 
On one occasion a Bhodes grass and Paspalum dilatatum pasture 
w^as looking V(*ry poor and yellow in early December, so some 
small blocks of ])lots were put down and given various amounts 
of sulphate of ammonia up to 2, OCX) lb. per morgen in a single 
dressing. Forty-two days later the plots were harvested and 
increased yields of dry matter and nitrogen, corresponding 
closely to the amounts of fertilisers ai)plied, were recorded. 
Thus, the no extra nitrogen plot yielded 1,272 lb. dry matter 
per morgen, containing 13 lb. nitrogen, while the 2,CK)0 lb. 
sulphate of ammonia dressing produced nearly five times the 
amount of dry matter containing nearly seven times as much 
nitrogen. 

The other example of high potential yields on cultivated 
pastures came to light during the past season when a road 

between two blocks of camps w^as fertilised three times to 

encourage a grass cover and control erosion. Where contour 
banks discharged storm water in the camps, most prolific growTh 
occurred. Investigation show'ed that the different mixtures of 

grasses were giving up to 17-3 and 10-5 tons dry matter per 

morgen in two cuts, containing up to 527 lb. nitrogen. In other 
words, w'hen moisture is not a limiting factor and plant food is 
available, i)astures on poor sandy soil can produce up to 3,200 lb. 
crude protein per morgen. 

It is clear, therefore, tliat supplementary jaistures could be 
fitted into a national pastoral policy, and, as they must always 
be established on land that can be worked, they could be grazed 
at certain times and mown for hay or ensilage at others. With 
adequate fertilising, high yields of nutritious herbage could be 
expected. 

Before leaving this section, a few words on the cultivation 
of teff may not be out of place. The popularity of this crop in 
the Union is somewhat difficult to understand, for it is an 
annual — is not particularly palatable, and is not a heavy yielder. 
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The annual ploughing and working of the soil for this crop must 
inevitably result in erosion and soil depletion and a high cost of 
liroduction. It should be part of our pastoral policy to encourage 
seed production of grasses such as Khodes grass and Paspalum 
dilatatum so that good seed is available at reasonable rates. 
Farmers should then be urged to substitute for the annual teff 
crop, leys of three or four years of a mixture of these two 
grasses, which would provide high yields of good hay and also 
some grazing. At the end of three or four years, when the ley 
is ploughed up, the soil will be in a much better state than after 
a teff crop. 

Irrigated Pastures. 

The potential yields of sown pastures already mentioned 
should make it clear that irrigation settlements could produce 
enormous quantities of hay or keep large numbers of stock when 
nitrogenous fertilisers become plentiful and cheap. If hay is 
produced, they would serve a most useful function by acting as 
sources of supplies of feed when other parts of the country are 
suffering from drought. The inclusion of intensively grazed and 
fertilised leys in the rotations of irrigation settlements will also 
have a most beneficial effect on the soils of these areas, especi- 
ally as overseas experience indicates that pasture mixtures can 
withstand fairly high salt concentrations in the soil. 

The Mechanisation of Our Pastoral Industry. 

The proper development of our pastoral industries demand 
that all our livestock must be fed adequately throughout the 
year. If we accept this dictum, and also the fact that in most 
parts of the high-rainfall area, the grazing during autumn and 
winter and often in early spring, is of low or reduced feeding 
value, then we must make provision for feeding our animals 
during these periods. The fact that so little feeding is done in 
winter and so little provision made for droughts, betokens a sub- 
blime faith in the reliability of the rainfall and an optimistic 
idea of the feeding value of our pastures in winter, which 
recurrent droughts and losses in condition should by now have 
dispelled. 

One of the most serious obstacles to the development of 
our pastoral resources is our dependence on hand labour and 
our lack of suitable machinery for the essential operations of 
mowing and making hay and ensilage. 

It is this dependence on hand labour that makes us keep 
such a large proportion of our population on the land — a propor- 
tion which reaches the extremely high figure of 66 per cent, 
when natives in the reserves are classed as agriculturists. The 
only remedy for this, in my opinion, is to increase the efficiency 
of our agricultural operations, first of all by increasing the tempo 
of agriculture. This means that, for a start, we should critically 
examine the efficiency of ox traction and by using more horses 
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and machinery, relegate the ox to the position for which it is 
best fitted, namely, the production of beef. Then we must use 
a much greater amount of machinery to increase the output per 
agricultural worker, while at the same time reducing the number 
of workers. 

How far we are from possessing enough machinery for 
pastoral farming may be gauged from the following figures 
gathered from the 1936-37 Census. The enumeration of that 
year shows that in the Free State and Natal roughly one farmer 
in two has a mower and even fewer farmers have hay rakes. 
In the Cape Province and Transvaal one farmer in three has a 
mower and about one in four a hay rake. These figures are 
worked out on a basis of farms of 21 morgen and over, as it 
was considered these implements could not be used efficiently or 
would not be used at all on holdings of 20 morgen and under. 

Altogether in the high-rainfall area of the Union there ore 
roughly 58,000 holdings of 21 morgen and over, and on these 
in 1936-37 there were only 21,600 mowers and 17,000 hay rakes. 
Thus considerably less than half our farmers could cut hay if 
they wanted to, except by hand with sickles, and less than one 
farmer in three could rake it, even if he cut the grass. If 
holdings of from 6 to 20 morgen are included, the position is, 
of course, much worse. 

Trade and shipping returns do not distinguish between 
binders, reapers and mowers, but they show that the largest 
number of these implements imported was in 1925 when the 
total reached 5,138. In the years prior to the war, up to 1939, 
the number imported annually was between 4,000 and 5,000, 
so that the number of mowers purchased each year by our 
farmers was probably below 4,000. This number of mowers 
will obviously not permit of a rapid expansion of hay and 
ensilage production. 

It will be clear from what has already been said that a 
progressive programme will call for an enormous increase in the 
amounts of hay and ensilage made. Thus, to give 12J million 
livestock units 15 lb. of hay a day for four months would require 
over 11 million tons of hay. In this connection it is proposed 
that by far the greater part of these two products should come 
from the veld or introduced pastures and not from arable lands. 
It is usually claimed that our summer weather is unsuitable 
for hay-making, and so this operation is usually delayed until 
the grass has practically matured and its protein content has 
dropped considerably. The real reason is probably not the 
weather but the slowness of the process, for we must remember 
much good hay is made in England, Scandinavia, New Zealand 
and other countries with climates more humid than our own. 
However, if the weather is unfavourable and hay cannot be 
made, fairly good ensilage can be made from grass, provided 
some care is devoted to the process. 



54 


SOUTH AFRICAN JOURNAL OF SCIENCE. 


How far we are removed from an appreciation of the value 
of ensilage in pastoral agriculture is shown by the following 
figures. According to the 1936-37 Census, only 4,100 farmers 
out of about 50,000 in the high-rainfall area had pit or trench 
silos, which, after all, are nothing but excavations in the ground 
and are easy to excavate at a low cost and only 1,150 fanners 
or one in forty-three had a tower silo. The total amount of 
ensilage of all kinds made in the high-rainfall area in the same 
year was 182,000 tons or sufficient for a ration of 44 lb. a head 
for 8i million livestock units for just one day. 

Our Machinery Requirements. 

If we are to cut enough hay and make enough ensilage to 
feed our livestock adequately, then it is clear we must increase 
the number of mowers in use. It has been estimated that for 
the proper control of veld, a mower is required for every 50 
morgen. This would mean that for the same area of veld that 
is fertilised, namely one-tenth of each farm, 70,000 mowers 
would be required — that is, an increase of 49,000 on the present 
numbers. Actually, it would probably be found in practice that 
for the best results, every farmer with 50 morgen or more of 
mowable veld should have at least one mower. At this rate we 
could, with advantage, quadruple the number of mowers at 
present in use. 

After the grass has been cut it has to be raked up into 
windrows and at present this process also is a very slow one. 
A great improvement in the speed of this operation could be 
effected by the use of side delivery rakes drawn by horses or 
tractor. This implement moves faster than the rake and turns 
the swath over and leaves it in rows paralled to the direction of 
the cut. For drying hay, the side delivery rake is much superior 
to the ordinary type as the rows can be turned over and moved 
as often as desired. Moreover, the hay is left in a loose condi- 
tion in the windrows, which facilitates curing. 

When the hay has dried in the windrows, a saving in time 
and labour could be effected by loading it directly on to the 
wagon from (he windrow by the use of the hay loader. Here 
again, the wagon would have to be drawn by horses or a tractor 
for the best results, as the pace of the ox is too slow and jerky 
for efficient loading. 

When once the hay has been loaded on the wagon and has 
been brought to the shed or barn or to the place where it is to 
be stacked, time and labour (‘ould again be saved by the use 
of grabs and loading and stacking devices. 

In a survey of the efficiency of different methods, it was 
found that three men loading and unloading a wagon by hand 
could stack 2*93 tons of hay per adult worker per diem. When 
the wagon w^as loaded with a loader and unloaded with a stacker, 
tlie work coultl be done by two men and a boy, and each adult 
worker stacked 5-87 Ions in a day. 
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In the making of ensilage the grass does not have to be 
dried, and hence it can be raked and picked up as soon as 
possible after cutting. The process hei’e can be speeded up by 
the use of side delivery rakes to put the crop into windrows, 

and sweeps to bring it to the silo or the wagon. Sw’eeps are 

widely used in iNew Zealand and Australia for rapid handling of 
large amounts of green grass. When grass is preserved as 
ensilage in a pit or trench silo, it is usually unnecessary to cut 

it. All that is required is to bring it to the side of "the pit 

or thfough the trencli and offload it from the wagon. When it 
is put into a tower silo it will be necessary to use a cutter and 
blower. 

Before concluding this section, the question of fertiliser 
spreaders must be given some attention, for if the velil is to 
be fertilised it cannot be done by hand. Nitrogenous fertilisers 
should be spread when the ground is moist, and hence the best 
and safest time to spread on a large scale is after a good rain. 
At this time spreading should be rapid, and for the best results 
a spreader should be used. Horse-drawn spreaders would 
accelerate the process, while the use of a tractor would enable 
the ground to be covered wdth even greatef speed. The ideal, 
how’ever, is the type that has been developeil in Australia, in 
which a spreading device is attached to or may even be a ])art 
of a vehicle, similar to a lorry, wdiich is able to carry one or 
two tons of fertiliser. If the job is to be done, it wdll be necessary 
for each farmer to be iible to spread at least 15 to 20 morgen 
a day with one spreader. 

We knowr so little about the potentialities of tliese imple- 
ments and labour-saving devices under South African conditions 
that it is difficult to estimate the actual number of hay raki»s, 
loaders, sw'eeps, stackers and fertiliser spreaders required, but 
if every farmer on the 58,(K)() holdings in the liigh rainfall area 
had one each of these implements, a great step forw'ard in the 
control and utilisation of our veld would he possible. As a rough 
approximation, it would probably not he Aery wide of the mark 
to estimate that from 20,000 to ;U),000 of each of the above items 
would be required before a really progressive i>Kstoral policy could 
be put in motion. 

The amount of machinery required in the native areas is 
difficult to assess, for in most parts there is little surjdus grass 
to cut for hay. The need is great, however, and the example 
of Malietzies iocatioii quoted by Hall, where 12 mow^efs are used 
to cut hay for winter, could be multiplied many times to the 
advantage of the native people and their stock. It seems reason- 
able to estimate that *the Aarious native communities should 
be in possession of at least 1,(K)0 moAvers and 1,000 hay rakes, 
Avhich would enable about 50,000 morgen or more of veld to be 
cut for hay. As the veld iinproA^es and the native p(»oples 
progress, other implements, particularly fertiliser spreaders, could 
be obtained and used. 
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Considering the large numbers of implements required for 
the country as a whole, it appears a good case can be made 
out for the establishment of implement factories in the Union 
to cater not only for the needs of a pastoral industfy based 
on an efhcient utilisation of the natural herbage, but for arable 
agriculture as well. This \vould provide employment in manu- 
facturing industry, while the number of agricultural workers could 
be reduced as machinery becomes available for farm operations. 

Conclusion. 

x\t attempt has been made in the time at my disposal to 
])oint out what a valuable asset we possess in our veld and yet 
how little has been done to maintain it or improve it. In 
considering measures for the protection and more efficient 
utilisation of the veld, w^e must first of all ac(*ept the fact that 
it is a national problem and not merely an agricultural problem 
in which urban dwellers may or may not he interested. 

In discussing the main needs of our pastoral policy, namely, 
Tnore research on pasture problems, more fencing, larger 
quantities of fertilisers and more machinery, all in\olving the 
expenditure of large sums of money, I fully realise that 1 am 
laying myself open to a charge of being unpractical or, at best, 
visionary. When it is considered, however, that in time of war 
we can tax ourselves to provide many millions for the defence 
of our country, surely we can plan to spend what would be a 
much smaller amount to protect and improve one of our most 
valuable assets. Fufthermore, we should try to get a right 
perspective with regard to the whole field of agriculture, and 
realise that the first duty of the agricultural section of the 
population is to feed the rest of the population adequately w ithout 
bringing about a deterioration of soil and veld. 

When this change in outlook has been successfully accom- 
plished, the establishing of the point of view that care of the 
veld and prevention of erosion are the concern of everyone would 
be automatic. Here again a great step forward w'ill have been 
taken when the whole country realises that the prosperity of 
all in the long run is bound up with the condition of our veld. 
If the veld is allow'ed to deteriorate and soil erosion is not 
checked, the outlook is indeed dark and our future as a nation 
will be imperilled, for no nation can thrive or progress when 
its grasslands become eroded deserts or change to impi^netrable 
scrub ahd its soils become windblown dust. 

The programme outlined is an ambitious one, but it is 
not beyond our capabilities. It calls for cafeful planning and 
increased effort, but, if our veld is to play the part it is capable 
of playing in our agriculture, a programme of this nature is 
essential. The future of our country is very closely connected 
with the attitude we adopt towards ouf veld, which, we may be 
sure, will always repay in good measure the care and attention 
devoted to it. 
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Die vasstelling van spesifisiteit onder parasitere diere is nie 
alleen van groot ekonomiese waarde nie, maar is ook van groot 
wetenakaplike belang daar dit onder andere tot 'n groot mate kan 
dien oni verwantskappe tussen verskillende groepe diere aan te 
dui. Dit is bekend dat onder die Mallophaga of bytende luise, 
wat hoofsaaklik op voels voorkom, daar 'n sterk spesifisiteit aan- 
wesig is. My oorlede kollega, Bedford — wat 'n deskundige op 
die groep parasite was — ^het my dikwels meegedeel dat dit vir 
hoin moontlik was om, alleenlik deur besigtiging van 'n luis, in 
die meeste gevalle nie alleen die groep waaraan die voelgashe(‘r 
behoort vas te stel nie, inaar dikwels seifs ook die voelsoort. Die 
sienswyse van Bedford word kragdadig ondersteiiu deur ander 
luisdeskundiges soos bev. Hopkins van Uganda, Kellog van 
die Verenigde State en andere. 

Waar daar non so’n eienskap aanwesig is by hicrdie parasitere 
dieregroep is dit nie alleenlik interessant nie maar ook belangrik 
indien dit vasgestel kan word, al dan nie, of soiets ook by die 
parasitere wiirms waar te neem is. So iets is alreeds deur 
Fuhrmann van Neuchatel beweer met betrekking tot die lint- 
wurms van voels. Die deskundige, met sy omvattende kennis 
van lintwurins, gaan so ver as om te beweer dat elke voelorde sy 
besondere lintwurmfauna besit, en dat van die duisende voellint- 
wurms w’at hy self ondersoek bet hy nog nie ^en enkele geval 
teegekom het wat die reel oortree nie. Waar daar gevalle deur 
ander werkers gemeld word wat skynbaar nie die reel volg nie, 
meen hy dat dit 6f 'n geval is waar die gashere verkeerd aangegee 
is, of die parasite verkeerd geidentifiseer is, bi dat die parasiet 
per ongeluk in die sogenaamde gasheer telande gekom het, soos 
bev. w^anneer ’n roofvoel *n voel eet wat aan *n ander ordc 
behoort. 

Die stelling van Fuhrmann is heftig deur Meggitt van 
Rangoon bestry, nie soseer met die bewering dat so*n spesifi.siteit 
nie onder die lintwurms voorkom nie maar wel dat dit nie absoluut 
is nie en dit dus nie as *n algemene reSl aanvaar kan word nie; 
verder ook op grond daarvan dat daar geen eenstemmigheid onder 
voSldeskundiges is nie met die gevolg dat dieselfde voSls dikwels 
deur verskillende deskundiges in verskillende ordes geplaas word. 
As Fuhrmann se hewering dus reg is dan sal die spesifisiteit van 
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die liiitwurins, volgens die reel, moet varieer al iiu die klassifikasie 
A ail die een of ander voeldeskundige wat gevolg word. 

Waar daai* dus sulke teenstrydige opvattings bestaan is dit 
niy doel vaiidag oui na ie gaan in hoe verre spesifisiteit voorkoin 
iiie alleen by die Cestoda of lintwuniis nie maar ook by die 
Trematoda of slakwurins eii Nemaioda of rondewurins. Dit is 
nie iny doel oin elke afsonderlike wurm in oorweging te neem 
nic inaar wel soorte as vertecnwoordigende die groot onderver- 
delings van elke \an drie Masse. Die sal, sovcr moontlik, 
bestaan nil voorbeelde nit my eie ervaring grotendeels gebasecr 
o^) ons Suid-Afrikaanse lielminie. 

Eerslens die klas Trematoda of slakwiinns. Hier wil ek 
iny alleeniik bepaal tot die onderklas Digenea, d.i. die slakwurins 
wat *11 tiissengaslieer nodig hei in hulle ontwdkkeling. Terloops 
mag egter gese word dal die ineeste soorte van die Monogenea — 
d.i. slakwurins wat nie 'n tussengasheer nodig het nie vir hulle 
ontwikkeling — volgens Fuhrniann — alleeniik op een soort gasheer 
of op nouverwaiile soorte gasliere voorkoin. Die vernaainste 
onderverdelings van die Digenea is die ordes Monostomoidea, 
Fascioloidea, raraiiiphistoinoidea en Strigeoidea. Die Alonosto- 
moidea, wat gekenmerk word deur die afwesigheid van ’n 
buiksuier, korn boofsaaklik in reptile en voels voor, maar party 
soort(' w’ord ook in soogdiere gevind. Hulle liet skynbaar geen 
spesifisiteit wat die soort voel beiref nie, maar wmr dit voorkoin 
is die spesifisiteit alleen beperk tot die voelorde, bev. die bekendc* 
soort TjfphlocoeUvm cucAimerinmn en Trachenophilus cymbiusi 
w’at in die lugpypc' voorkoin wwd alleeniik in voels van die Anseri- 
formes (eendesoort) gevind; maar dit is skynbaar ’n uitsondering 
want die ander bekende soorte kom dikw^ls in verskillendc* 
voelordes voor, bev. Noiocofylus uftenuatiis en Catatropis vrr- 
niroHti kom beide in (lalliformes (boendorsoort) en Anseriformes 
voor. 

]')ie orde Faseioloidea, lede waarvan gevind word in alle Masse 
van w^erweldiere en van groot ekonoiniese bolang is, bevat sulke 
welbekende sooric slakwurms soos die lewerslakke ; veral dink 
ons aan ons ou vrinde Fasciola hepaiica en F. gigantica. Die 
twee soorte kom lioofsaaklik in die hoefdiere voor, maar hulle het 
hulself nou aan verskillende ander gashere aangepas, w'ant mens 
kry hullo ook in knaagdiore (konyne), buideldiere (kangaroos), 
ens., en party kere seifs ook in die mens. Hier sal mens net 
kan RP dat hulle skynbaar eors slegs by die berkouers voorgekom 
bet, maar dat met die onwdllekeurige loodoen van die mens, deur 
die aanhoii van verskillende soorte diere in *n beperkte omgewing, 
die parasiet hoinself geleidelik begin aanpas het by die verskil- 
lende hiiisdicre. Vandag is die toestand so dat al die mens se 
soogdiere blootgeslel is aan besmetting. Die soort Fasciola 
jachsofisi kom vandag nog alleeniik in die Asiatiese olifant voor, 
maar dit is moontlik dat die parasiet bom ook aan ander diere 
mag aanpas as omstandighede gunstiger word. Vandag is die 
kansc biervoor nie te good nic want, waar die gashere natuurlik 
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voorkom of gebruik \\orcl, is claar nie die iioue sumelewing tusseii 
hulle en ander soorte hiiisdiere wat mens vind by die gashere van 
oersgenoeinde twee sooi te nie. 

Van die Fascioloidea wat alleenlik in een dierurde voorkom 
is daar *n hele paar soorte bekend. Die mees bekende hiervan is 
Eurytrema pavcrcaticum wat tot dusver alleenlik in herkouers 
en Nanopkytcs salmonicola wat alleenlik nog in vleisvreters 
gevind is, ofskoon ’n ander soort van laasgenoemde geslag, nl. 
N, sckikliobalovi in die mens in Eusland gevind is. Ander soorte 
van eersgenoemde geslag is egter wyd versprei en word dikwels 
ook in voels en reptile gokry. 

Waar bogenoenide paar gevalle aangehaal is van skynbare 
spesiiisiteit onder die Fuscioloidea kan daar talle soorte genoeni 
word wat in verskillende gasheerordes voorkom; so bev. het ons 
die oosterse lewerslak — OpisthorchiH sinensis — wat gevind word 
in mense, vleisvreters en varke; die lanset lewerslak — DicrococUuni 
lanceolatum — wat hoofsaaklik in hoefdiere maar ook in knaagdiere 
en in die mens kan voorkom; die longslakwum — Paragonimus 
westermanni — wat gewoonlik *n parasiet van vleisvreters is, maar 
ook die mens, knaagdiere en hoefdiere kan besmet. 

Die orde raramphistomoidea omvat die bekende peervormige 
slakwurms wat so dikwels gevind word in ons skape en beesU*. 
Lede van die orde kom alleenlik in werweldiere voor. Lede van 
een groep families kom slegs in waterdiere voor, vanaf visse tot 
soogdiere, terwyl die lede van die orige families alleenlik in 
land-soogdiere voorkom. Hier is dit skynbaar die omgewing wat 
vasstel in welke soort dier die parasiet sal voorkom. Dit is nogal 
opmerklik dat die meeste geslagte voorkom in visse en soogdiere. 
*n Betreklike klein aarital geslagte kom in amfibie en reptile voor, 
terwyl slegs twee soorte van voels bekend is. Die spesifisiteit 
A\at die klas gasheor aangaan is nogal taamlik sterk, bev. die 
lede van die groot onderfamilies Paramphistominae en Gastrothy- 
laeinae kom feitlik alleenlik in herkouers voor; die paar nitson- 
derings is die soorte wat in seekoeie gevind word; maar dit 
verbaas ons gladnie want die diere is, soos u w^eet, nou verwant 
nan die herkouers. Die lede van die Diplodiscinae is tipies vir 
paddas en'is wyd oor die w’ereld versprei; Imlle kom ook in die 
nou-verw’ante salamanders voor en een soort is in 'n watcrslang 
gekry. Tn Suid-Afrika is daar een soort — Diplodiscns doyeri — wat 
in die plainnna leef; dit is die enigste gasheer waarin dit nog 
gevind is, en die parasiet is in die gasheer gevind in w^yd 
verspreide plekke van die Unie sow^el as buite ons grense. 

'n Baie interessante dier is die soort bekend as Bruvipiia 
hicaudata wat veral gekenmerk is deur die aanwesigheid van twee 
ooragtige aanhangsels i^an die agtersie gedeelte van die liggaam. 
Di(» morfologie van die wurm is so eienaardig dat helmintologe 
dit goed gevind het om 'n spesiale onderfamilie — ^Brumptiiiae — 
vir horn te skep. Mens sou dink dat so ’n eienaardige parasiet 
hoogs apesifies sou wees ; maar nee, hy kom voor in tw’^ee van ons 
bekendste diere, nl. die olifant en die renoster, twee diere wat. 
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sover my bekend, iiie beskou word as baie na verwant te wees 
iiie; inteendeel, die olifant word gewoonlik beskou as die naaste 
verwant aan die Sirenia te wees, terwyl die renoster sorteer onder 
die hoefdiere. Het oiis hier *n geval van 'ii parasiet wat liom 
aangepas het aan twee soorte diere omdat die lewenswyse en 
hsiologie van die diere miskien baie ooreenstein ofskoon hulle, 
sover ons weet, nie non verwant is nie? Ek glo nie dat dit die 
enigste rede is nie want ander slakwurmsoorte wat behoort aan 
die geslag Oastrodiscua kom ook in die twee gashere voor sowel 
as in perdesoorte en in vlakvarke; laasgenoemde twee gasheer- 
soorte sowel as die renoster word as na verwant beskou en word 
gevolglik saani onder die hoefdiere geklassifiseer, ofskoon hulle 
lewenswyses heelwat verskillend is. Het ons nie hier miskien 
’ll vingerwysing na ’n nioontlike verwantskap tussen die olifant 
aan die een kant en die renosters, perde en vlakvarke aan die 
ander, ’n verwantskap wat ons nog nie bespeur het nie? Die 
enigste parainhstoom wat in die Sirenia nog bekend is is Chiorchis 
fahaceus en die kom in hierdie soogdier alleen voor; as daar enige 
verwantskap is tussen die Sirenia en die olifante sou mens verwag 
dat die parasiet, of 'n nouverwante een, ook in die olifant sou 
A(Kjrkom; dit is egter nie die geval nie. Maar, afgesien van ver- 
wantskap kan die totaal verskillende lewenswyses van die diere 
dit heel waarskynlik ook teenwerk. 

Soos alreeds gese kom daar net twee soorte van hierdie slak- 
wurms in voels voor. Een van hulle — Zygocotyle lunatum — is 
die eerste kcer beskryw’e van uit 'n herkouer {Cervus sp.) en is 
later weer in *ii bees gekry; nieteenstaande dit kom die soort 
boofsaaklik in voels van die Anserifomies (eendesoorte) voor asook 
in ’n paar voels van die Charadriiformes (d.i snippe en strand - 
lopers) en is ook al een keer in 'n hoender gevind. Dit is die 
enigste geval waar dieselfde soort paramfistoom beide in voels en 
in soogdiere voorkom, Daar in die loop van inecr ns eeu die 
})arasiet nog slegs tw^ee keer in ’n soogdier aangetref is, skyn 
dit asof mens hier sekerlik nie to doen het met 'n norm ale soog- 
dierparasiet nie, maar wel met een wat horn heel toevallig in die 
diere per abuis gevestig het en in hulle fisiologiese omstandighede, 
w'at ons onbekend is, gevind het wat dit vir horn moontlik geinaak 
lioi om in die gashere die volw^asse stadium te beriek. Nee, ek 
glo dat ons hier met *n wurm te doen het wat spesifies is vir die 
twee vofilordes hierbo genoem— die een geval van sy voorkom s 
in *n hoender is heel waarskynlik maar *n ongeluk en kan dus 
buite rekening gelaat word — en die rede vir die spesifisiteit is 
seker nie te vinde in enige nou verw’antskap van die twee vo6lordes 
nie maar heel w^narskynlik in hulle lewenswyses w^at in baie 
opsigte eenders is. 

Die laaste orde van Trematoda w’at ek nog wil behandel is 
die Strigeoidea; die sluit in twee belangrike families — die 
Strigeidae en die Schistosomidae — ^lede van laasgenoemde is 
verantwoordelik vir die welgevreesde bilharziasieke in mens en 
dier. Die kenrnerk van hierdie orde is dat al sy serkarie 'n 
gesplete stert het saam met ’n ventrale buiksuier. 
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Onder die Strigeidae tref ons vorms aan wat hoogs spesifies 
is vir ’n bepaalde dierorde asook soortc wat in versklllendo 
dierordes voorkom. Ons vind bev. dat die geslng Apatemon met 
sy tien bekeude soorte alleenlik in Anseriformvoels voorkom, dat 
die geslagte UvuUfer (4 soorte) en Pseudodiplofttomum (3 soorte) 
alleenlik in visvangervoSls (Alcedinidae) gevind word; behalwe 
een soort van elke geslag kom al die soorte van die geslagte 
Apharyngostrigea en Posthodiploutomum in roiervoels (Ardei- 
formes) voor. Al die lede van die geslag Alaria word in soogdiere 
gevind, 11 soorte in vleisvreters, en een in 'n knaagdier, en al 
die lede van die familie Proterodiplostomidae kom slegs in reptile 
voor. Aan die ander kant kan ons die geslagte Strigca, Cotylurufi 
en Neodiplostomum stel. Die geslag Sfrigea, wnarvan 19 soorte 
bekend is, is al in 12 voelordes gevind, en ofskoon hulle so wyd 
versprei is besit party soorte nogal *n sterk spesifisiteit; bev. die 
soort S. falconis kom, met nitsondering van twee twyfelagtige 
gevalle, slegs in roofvoels voor, en die soort 8, atrigia word, met 
uitsondering van twee twyfelagtige gevalle, alleenlik in uilsoorte 
gekry. Daarenteen kom 8. bulhosa in 4 voelsoorte voor versprei 
onder 3 voelordes, nl. Caprimulgiformes (nagvalkies) Ardeiforines 
(reiersoorte) en Accipitriformes (roofvoels). Lede van die geslag 
Cotylurus (10 soorte) is in Jl voelordes gevind, maar enkele van 
hulle is baie spesifies, bev. C. flahelliformiH kom in die natuur 
slegs in Anseriforines voor; daarenteen kom C, platyccphdlus in 
15 voelsoorte voor, versprei onder 6 vot^lordes, en 0, comutua in 
12 voelsoorte versprei onder 2 voelordes. Die geslag Neodiploa- 
tomum met sy 29 bekende soorte is wyd versprei ; 15 soorte korn 
uitsluitlik in roofvoels voor en die orige soorte is onder 6 verskil- 
lende voelordes versprei waar die soorte egter spesifies is vir die 
voelorde waarin hulle voorkom. 

Die Schistosomidae is egte bewoners van die bloedvate en is 
gekenmerk deur die feit dat die geslagte van mekaar geskei is. 
Hulle word in voels en soogdiere aangetref w^aar hulle geweldige 
steurings veroorsaak wat kan lei tot die dood van die aangetaste 
dier. In Suid-Afrika het ons twee soorte, iil. 8chiatoaoma 
haematobium wat in die mens voorkom en 8. bovia, *n parasiel 
van hoofdiere. Wat veral treffend is van die twee soorte is dat, 
behalwe die vorni van die eiers, hulle morfologies en biologie'^ 
identies is; nogtans is hulle in die natuur spesifies elk vir sy eie 
soort gasheer. Behalwe vir een geval in *n bobbejaan is 
8, haematobium nog slegs in die mens gevind en 8, bovia is mel 
sekerheid nog nooit in die mens gekry nie; waar laasgenoenuU* 
van die mens gerapporteer is is die bevinding alleenlik gebaseer 
op eiers wat soos die van 8, bovia gelyk het; hierop kan mens 
egter nie *n definitiewe vasstelling maak nie, want dit is bekend 
dat in abnormale gevall'e een en dieselfde wurms eiers kon afskei 
wat vaneer vanaf die tipiese S. haematobium eier tot die tipiese 
8. bovia eier. Ook is dit bekend dat daar werelddele is waar 
8, bovia volop in diere voorkom maar geen gevalle van bilharzin 
besmetting onder die mense vasgestel is nie, wat nie die geval sou 
gewees het as die soort nie spesifies vir sy soort gasheer was nie. 
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J)ie oosterse vorm van bilhuiziawuriii — S. japonicvm — kan 
gcnoein word as 'n voorbeeld van die ander uiterste; hier het 
ons *n wiirm wat wereldberug geword het deur die slagoffers wat 
liy onder die oosterse mense geverg het; en nogtans skyn dit nie 
of die mens sy iiatuurliko gasheer is nie, want die wurm kom 
natuurlik in verskillende hoefdiere voor sowel as in honde en 
katte; hulle nadelige efTekte op die diere is nie so geweldig as in 
die mens nie. Het ons hier nie miskien *n geval van 'n wurm 
wat besig is om honiself by die mens aan ie pas nie? Ons weet 
dit is tot voordeel van *n parasiet oni sy gasheer so min moontlik 
te beskadig om daardeur sy eie lewensbestaan te beveilig, maar 
dat by die mens die annpassing van die parasiet by sy gasheer 
nog nie sever gevorder het om die nodige harmonieuse samelewing 
van parasiet en gasheer te bewerkstellig nie. 

Wat die ander lede van die Selustosoinidae aaiigaan wil ek 
slogs nog dit byvoeg; waar lede van die onderfamilie Schistoso- 
ininae beide in soogdiere en vo^ls voorkom, word die lede van die 
ander onderfamilie — Bilharziellinae — allcenlik in voels geviiid, 
en, met uitsondering van *n paar soorte, alleenlik in voels van 
die eendeorde. 

Dit, dames en here, is *n kort oorsig van die stand van sake 
wat die slakwurms aangaan. Voorbeelde is genoein van slak- 
\Mirms wat skynbaar hoogs spesifies is vir Inille bepaalde gasheer, 
ander weer wat spesifies is alleelik vir 'n groep gashere wat 
nou-verwant aan mekaar is, terwyl ander weer skynbaar geen 
spesitisiteit toon nie. Wat is non die algemene indruk oor die 
s])esitisiteit wat mens by so *n oenskou opdoen? Ek glo mens 
kan dit saamvat in die volgende woorde: — Daar is duideliko 
liewyse dat spesifisiteit onder die slakwurnK aanwesig is, maar 
dit is ill <lie mecste geval le beperk tot *n noii-verwante groep 
diere en nie soseer tot 'n hesondere soort gasheer nie. 

Ek gaan non oor tot die tw’eede klas van parasitere wiirms, 
nl. die (Vstoidea. l^ie word in twve oiiderklasse verdeel, nl. die 
CV'stodaria en die (^estoda. ]^iersgenoc*mde onderklas bevat slegs 
'n klein aantal geslagte en hulle soorte is in die meestc gevalle 
lioogs spesifies vir een of ander klas gasheer, bev. die geslag 
AmphiHna word alleenlik gevind in visse van die Acipenscr soort, 
terwyl die geslagte Qijrocoiylc en OyrocotijJoides allcenlik in 
Chimeria en Callorhynchua gevind word, d.i. hulle is beperk tot 
die Holoeepliali visse. Die geslag Gephyrolina is tot sover 
alleenlik in Siluroid (barbelsoorte) visse van Indie gevind. 

Die onderklas Cesloda omhels die allergrootste deel van die 
lintwurms en word in vyf ordes verdeel. Twee* van hulle — die 
Diphyllidea en Tetrarhynchidea — is beperk lot die selachii 
(haaisoorte) visse, die derde orde — ^Tetraphyllidea — wwd in visse, 
amfibi? en reptile gekry, terw^yl die orige-iwee ordes Pseudophyl- 
lidea in alle w^rweldierklasae en Cyelophyllidea lioofsaaklik in 
voels en soogdiere, maar party kere oak in amfibie en reptile 
gevind word. 

Een van die families van die Tetraphyllidea is die Proteocep- 
halidae; lede hiervan is baie spesifies want hulle bewoon 6f 
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eeii soort gaisheer 6f hulle word in nji-verwantc gashere gevinrt, 
bev. die lede van die gealag Acantliotacnia is tipios van likkewane 
en behulwe een soort — A, gallardi — word hulle in geen under dier 
geviiid nie. Wat. A, gallardi betref het ons hier te doen met hi 
interessante geval waar ’n likkewaanlintwurni honi skvnbaar by 
'slange aangepas hot; die parasiet kom in Australie voor waar daar 
geen egte slanglintwurms voorkoin nie, en oiu die gebrek aan te 
siiiwer is daar na die likkewane gegaan. Die geslag OnhiolacnUi 
word deur party helinintologe in twee geslagte \erdeel, nl. 
Ophiofacjiia (s.s.) w'at sy verteenwoordigers alleonlik in slangi* 
vind, en die geslag Batrachotaenia wat bestaan nit lintwunns 
afkomstig van paddas en salainandt‘rs. Die orige ses families \an 
die Tetraphyllidea is nie so spesifios as wat lede van bogenoemde 
familie is nie, bev. vyf van die families het hulle \erteonwoor- 
digers alloenlik by die selagiers of haaie en die orige familie 
bestaan uit lintwurms afkomstig van die siluroide of barbidagligc 
visse. 

Die orde Tetrarhynehidea is hi orde van eienaardige lint 
IN arms wat met een uitsondering — in die ganoid, Amia — alleenlik 
in Selachiers voorkoin. Die keninerkiuide eionskap van die groep 
is dat al ay lede vooraien is van vier uitstulpbare en met hi 
ineriigto hake bowapende slurpe. Tn ons land vind ons dikwels 
die jong of larfstadium in stokvia en kaapso aalm Nvat te kooj 
aangebied word; gelnkkig egter, is hulle vir die mens onakadelik, 

‘ en, behalwe van hi estetieae oogpnnt, is die vleis van aulke 
beainette visse heeltenial geskik vir menslike gebruik. 

Die orde rseudopliyllidoa NNord gewoonlik in sewe families 
verdeel wat meer as 50 geslagte bevat; lede van 6 van die families 
kom uitsluitlik in waterdiore voor, hoofsuaklik in visse niaar ook 
in waterskildpuaie waarin verteenwoordigers van een van liicrde 
ses families voorkoin. Die sewende familie — Diphyllobothriidae 
— word verteenwoordig deur lintwurms afkomstig van amtibie, 
reptile en soogdierc. hi Dekendc soort is Ligida intcsHnalia N\at 
in ons land asook in amhir werelddole voorkoin; die larfstadium 
kom in verskilJende visse voor en die volwasse stadium in ver- 
skillende watervoels wat onder 'n half dosyn of meer \oelor(les 
sorteer. hi Ander bekende soort is Diph gUobothrium latum, di(' 
bree lintwurm van die mens, wat gelukkig nie in Suid-Afrika 
voorkoin nie maar wel in Noord Amerikn, Europa en die Ooste; 
die wurm kom ook dikNvels voor in honde en katte en ander 
vleisvrctende dierc. D. rrinacei is hi nou-V(‘rwante soort wat 
wyd verfeprei is, ook in Suid-Afrika, en in vleisvretende diere 
voorkom, on daar is *n moontlikheid dat dit di(‘ mens ook kan 
parasiteer. Wat hierbo gese is sal genoeg wees om aan te toon 
dat daar by die orde van lintwurms nie 'n spesifisiteit is nie wat 
die soort gasheer aangaafi, maar dat die voorkoms van die wurms 
alleenlik beperk is tot diere wat visse ect, wat wel to verstnan 
is, daar die larfstadium van hierde lintwurms in visse voorkom. 

Die orde Cyclophyllidea omhels die grootstc aantal van 
bekende lintwurms w’aaronder ook die bekendste soorte; hulle 
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word hoofbuaklik in vofils en soogdiere geviiid maar 'u paar soorte 
koiii ook ill ainttbie en reptile voor. Die geslag Taenia is veral 
bekend deur die twee soorte Taeiiia nolium en T, saginaia wat in 
die mens voorkom en, tot dusver, in hulle volwasse stadia nog in 
geen ander gasheer gekry is nie. Hier bet ons te doen met twee 
lintwurms wat in hulle volwasse stadia hoogs spesifies is vir een 
bepaalde soort gasheer; in hulle larfstadia is hulle ook taauilik 
spesiiies want die korn hooisaaklik in varke en beeste onder- 
bkeidelik voor, ofskoon die stadia by uitsondering ook in ander 
diere kan voorkom. Die soort Echinococcus granulosus {^Taenia 
echinococcus) vind sy normale gasheer in honde, en ofskoon dit 
tot ’ll seker mate in kntte kan ont^^ikkel, is dit gevind dat die 
parasiet nie in katte geslagsryp kan word nie; ’n na-verwante 
soort wat in leeus gevind is is E. felidis (=T. felidis) wat heel 
waarskynlik ook in ander katte *n normale ontwikkeling sal deur- 
inaak. Tn teenstelling met bogenoemde twee Taenia soort wat 
spesifies is vir die mens, vind ons dus dat die twee Echinococcus 
soorte alleen spesifies is vir *n bepaalde klas van dier, nl. die 
soort granulosus vir vleisvreters van die honde soort, en die soort 
felidis vir vleisvreters van die katte klas. 

\Yat die ander geslagte van die familie Taenidae aangaan 
kan mens se dat hulle stork aanduiding van spesifisiteit aantoon, 
veral wat die klas dier aangaan; slegs een geslag nl. Taenia^ koin 
beide in soogdicre en voels voor, maar in laasgenoemde diere is 
hulle voorkoins *n rariteit want die beskrewe soorte wat in voels 
voorkom is elk, sover my bekend, nog maar slegs een keer gevind. 
Slegs een geslag — Cladoiaenia — met sy paar soorte kom alleenlik 
in roofvoels voor terwyl al die ander geslagte beperk is tot die 
soogdiere. 

Terwyl die lode van die familie Taeniidae in hoofsaak 
karakteristiok is van soogdiere vind ons dat die lede van al die 
orige families, met uitsondering van die families Anoplocephalidae 
en Nematotaeniidae, hoofsaaklik in voels voorkom waar hullo 
verteenwoordigers onder die ganse voelryk versprei is; die ver- 
skillende soorte, egter, is spesifies vir ’n bepaalde soort of klas 
van voel. As ons bev. ons korane neem dan vind ons dat hulle 
gekenmerk is deur die aanwesigheid van sekere soorte van die 
geslagte Chapmania, Idiogenes, Schistometra, Sphyronchotaenia, 
ens., welko soorte nog nie in *n ander klas van voel gevind is nie. 
Of noem die tarentale; hulle behoort aan dieselfde orde as die 
hoender, en mens sou dink dat dieselfde soorte lintwurms in 
beide sou voorkom. Maar my ondervinding is dat dit in die 
natuurlike staat nie die geval is nie; die soorte van die geslag 
Ocfopctalum bev. wat baie in ons tarentale gevind word is nog 
nooit in hoenders of na-verwante voels gevind nie. Hoe spesifies 
die lintwurms is word veral deur die soort HouHuynia struthionis 
bewys wat die enigste soort lintwurm is wat in ons struisvoSis 
voorkom, en alleenlik in die voel in ons land gevind is. In Suid- 
Amerika, soos u weet, leef die na-verwante rhea, en wonderbaarlik 
leef 'n varieteit van dieselfde soort lintwurm ook in die vol^l, 
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nieteenstaande die feit dat Afrika en Amerika duisende myle van 
mekaar af IS en hulle van mekaar geskei is vanaf die duistere 
verlede. Het ons hier 'n geval van parallelle evolusie of is dit 'n 
geval waar ’n lintwurm van *n gemeensame oertiepe van die 
voels in sy hedendaagse verteenwoordigers bly voortbestaan het? 
Ons weet nie. A1 wat ons kan se is dat die nouverwantskap van 
die twee voSls, wat op morfologiese gronde gebaseer is, kragdadig 
deur die aanwesigheid van feitlik dieselfde parasiet ondersteun 
word. 

So kan mens aangaan met voorbeelde noem, maar ek glo dat 
bogenoemde voorbeelde u *n insage sal gee wat die toedrag van 
sake is met die lintwurms. Eer ek egter van hulle afstap wens 
ek net te beklemtoon dat in die lintwurms ons nie moet verwag 
dat die geslagte spesifies sal wees vir een of ander soort of klas 
van gasheer nie, ofskoon dit dikwels die geval mag wees, maar wel 
dat die soorte in hulle verspreiding beperk bly tot na-verwante 
diere. Waar dit skynbaar nie so is nie soos in die geval van 
Hymenolepis nana van muise en rotte en die mens, of Dipylidium 
canium van die bond en die kat en wat ook in die mens kan 
voorkom, het ons in eersgenoemde parasiet moontlik ’n geval van 
biologiese varieteite wat morfologies skynbaar identies is, of ons 
het te doen met werklik een en dieselfde soort wat homself in 
die loop van tyd aangepas het aan albei klasse gashere; so’n 
buitengewone aanpassing van die wurm behoort ons nie te verras 
nie want in 'n ander opsig is hy ook eienaardig, nl. daarin dat 
hy nie alleen 'n indirekte lewensloop volg, soos ander ordentlike 
lintwurms, waar 'n insek of ander dier as tussengasheer dien nie, 
maar hy besit ook die sonderlinge vermoe om self sy finale gasheer 
as tussengasheer te gebruik, en op die manier 'n intensifisering 
van sy besmetting te bewerkstellig. Dipylidium caninum, aan 
die ander kant, wat tipies *n parasiet van vleisvreters is, vind 
in die mens omstandighede vir ons onbekend wat gunstig is vir 
sy ontwikkeling nieteenstaande die feit dat vleisvreters en die 
mens nie nou-verwante diere is nie. Maar die lewe is vloeibaar 
en sulke uitsonderings moet ons verwag; dit is soos *n stroom 
water wat kort-kort van koerg verander in sy pogings om sy 
uiteindelike bestemming, die see, te bereik. 

Ons kom nou tot ons laaste klas van parasitere wurms, nl. 
die Nematoda of rondewurms. Dit is 'n baie groot klas waarvan 
nlreeds meer as 8,000 soorte bekend is wat versprei is onder alle 
soorte werweldiere, om nie eers te praat van die talryke soorte 
wat in die laer diere of in die vrye natuur voorkom nie. Deur 
die belangrike ekonomiese rol wat hulle speel en die feit dat baie 
soorte in ons huisdiere voorkom is die klas as 'n geheel baie beter 
bekend as die slakwurms of die lintwurms. Ek voel my verplig 
om my aandag te beperk tot slegs ’n klein aantal soorte van 
hierdie wurms, maar ek vertrou dat die voorbeelde wat behandel 
sal word genoegsaam sal wees om u 'n insig te gee in hoe verre 
spesifisiteit in die klas parasite waar te neem is of nie. 

Die klas word in vyf ordes — ^party kere ook superfamilies 

3 
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genoem — ^verdeel, nl. die Ascaroidea, Strongyloidea, Filaroidea, 
Dioctophymoidea en Trichiuroidea. 

^an die Ascaroidea behoort sulke welbekende wurms soos die 
elswurm — Aacam lumbricoidea — en die naaldwurm — Enterobius 
vermicvlaria — ^wat albei in die mens voorkom; eersgenoemde — of 
liewer *n biologiese varieteit daarvan — ^kom ook in die vark voor, 
terwyl laasgenoemde uitsluitlik 'n menslike parasiet is. In die 
orde vind ons baie soorte wat spesifies is vir *n seker soort of 
klas van dier, bev. Aacaria vitulorum en die soorte van die geslag 
Skrjabmema is beperk tot herkouers, Aacaria equorum en Oxyuria 
equi tot die perdesoorte, die soorte van die geslag Paaaalurua tot 
knaagdiere met P. amhiguua alleenlik in base en konyne. Die 
soorte van die geslagte Aacaridia en Heterakia, wat hoofsaaklik 
in vo^ls voorkom, word ook in ander diere gevind. A. colvmbac 
kom alleenlik in duiwesoorte (Columbiformes) voor, en H. diapar 
word alleenlik in eendesoorte (Anseriformes) gevind; aan die 
ander kant kom die soorte A, lineata, A. gailli en H. gallinae beide 
in hoendersoorte en in eendesoorte voor. Die soorte van die 
geslagte Porrocaecum en Contracaecum word alleenlik in vis- 
vreters gekry, wat 6f soogdiere, M voels 6f visse kan wees. 

Onder die Strongyloidea vind ons geslagte wat baie tipies is 
vir *n seker soort dier of diergroep: In die opsig is die vonns 
wat in die perdesoorte (Equidae) voorkom nogal baie treffend, 
bev. die lineer as 50 soorte van die geslag Trichonemat die 4 soorte 
van die geslag Tnodontophorua, 4 van die 5 soorte van die geslag 
Strongylua ens. kom alleenlik in die diere voor, terwyl die 5 soorte 
van die geslag Cylindropharynx nog meer spesifies is want hulle 
is beperk tot die Sebras. Die olifante dra ook 'n baie karakteris- 
tieke fauna wat hulle tot *n seker mate ook deel met die renosters, 
ofskoon die afsonderlike soorte beperk is tot die een of die ander 
van die diere. Die haukwurms van die geslag Bunoaiovixim kom 
alleenlik in herkouers voor, met die soort B. trigonocephalum in 
skape en bokke en die soort B. plilehotomum in beeste. Aan die 
ander kant vind ons dat die menslike haakwurms — Ancifloafoma 
duodetiale en Necator amaricanua — ook in vleisvreters en varke 
kan voorkom. Die verskillende soorte haarwurms (Hacmonrhva 
soorte) is karakteristiek van hoefdiere en word hoofsaaklik in 
herkouers gevind, maar die soort H, contortua kan ook in ander 
diere voorkom en is al in mense, here en eekhoorns gevind; dit 
is nogal opmerklik dat die soort nog nie sy verskyning in die perd 
gemaak het me ofskoon die dier gewoonlik saam met beeste, 
skape en bokke op dieselfde weiveld loop en dus gedurig aan 
^smetting blootgestel is; maar aan die ander kant vind ons weer 
dat die karakteristieke helmint fauna van die perd ook nie in 
skape, bokke of beeste voorkom nie. Soorte van die geslag 
Dictyocavlua — die longwurms — ^kom egter in al die diere voor 
maar elke soort is spesifies vir sy gasheer, nl D, fiJaria vir skape 
en bokke, D, viviparua vir beeste en D, amfieldi vir perde. 

Die Dioctophymoidea omhels slegs 'n klein aantal soorte 
wurms wat aan 4 geslagte behoort. Die vemnamste wurm onder 
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hulle is Dioctophyme renale wat feitlik slegs in vleisvreters voor- 
kom, maar by uitsondering ook in ander diere gevind work asook 
in die mens. Die ander soorte word 6f in vleisyreters bf in voSls 
van die eendesoorte gevind. 

Onder die Filaroidea tel ons ’n menigte soorte van alle 
groottes en vorm; die filariaa.van die mens is aan u almal bekend. 
Dit is treffend hoe spesifies baie van die wurms is, bev. die soorte 
Wuchereria hancrofti, Loa loa. Onchocerca volvulus en Manso- 
nella ozzardi parasiteer alleenlik die mens; Onchocerca cervicalis, 
0. reticulata en die Habronema soorte muscae, microstoma, 
megastoma en zebrae alleen die perdesoorte; soorte van die geslag 
Litomosa aUeen die vlermuise; Dirofilaria immitis, Spirocerca 
lupi en Physaloptera praeputialis alleen die vleisvreters. Aan die 
ander kant vind one dat *n ander menslike parasiet — Dracunculus 
medinensis — ook in honde en ander vleisvreters sowel as in perde, 
beeste en skape kan leef, d.i. in ’n verskeidenheid van groepe 
soogdiere wat nie na verwant aan mekaar is nie. Dan is daar 
ook geslagte waarvan die soorte in verskillende dierordes versprei 
is, soos bev. die soorte van die geslag Physaloptera wat in soog- 
diere, vobls en reptile voorkom maar die afsonderlike soorte, egter, 
baie spesifies is vir die diergroep of soort waarin hiille voorkom; 
dieselfde geld ook vir die soorte van die geslagte Habronema, 
Oongylonema en Thelazia van soogdiere en voSls, en Spirvra van 
vleisvreters en die rhea. 

Onder die Trichiuroidea vind ons 'n wurm wat in die mens 
en feitlik in alle soogdiere kan voorkom; dit is die spierwurm 
Trichinella spiralis wat ook al aan voels oorgedra is; we^ns sy 
wye verspreiding is die mens gedurig aan die gevaar van 
besmetting blootgestel; gelukkig, egter, het die parasiet nog nie 
sy verskyning in ons land gemaak nie. 'n Ander menslike wurm 
is die sambokwurm — Trichuris trichiura wat normaallik verwante 
diere asook varke as gashere het. Ander soorte van die geslag 
is spesifies bf vir vleisvreters bf knaagdiere bf herkouers. Van 
die CapUlaria soorte vind ons dat hulle in hoofsaak bf in vo@ls bf 
in vleisvreters voorkom onder welke diere hulle baie spesifies is. 
Die enigste soort wat van hierdie reel afwyk is G, hepatica wat 
nie alleenlik in sy normals gashere (knaagdiere) voorkom nie maar 
ook die mens en die bond kan parasiteer. 

Dames en Here, met bostaande het ek probeer om u *n 
heknopte oorsig te gee van die verspreiding van die parasitere 
wurms in die diereryk; ofskoon ek in die beperkte tyd tot my 
beskikking verplig was om u aandag te bepaal tot slegs 'n klein 
aantal soorte, glo ek dat die voorbeelde, en wat oor hulle gese is, 
voldoende sal wees om u te oortuig dat spesifisiteit tot *n baie 
groot mate ’n kenmerk is van die groep diere. Waar die spesifi- 
siteit in baie gevalle nie absoluut is nie moet die feit ons nie 
teleurstel nie, want ons het hier met lewende organismes te doen 
in wie daar *n gedurige stryd aan die gang is om hulle voort- 
bestaan te verseker; om die doel te bereik is dit vir hulle 
verpligtend om hulleself aan te pas aan soveel gashere as moontlik. 
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Thougli South Africa is far from the centre ot the world, 
and is not likely to have been the centre in whicli man evolved, 
its geographical situation has led to its being a very important 
centre from the anthropological point of view. During the last 
million years it has been little affected by the great changes 
in climate experienced by the Northern Hemisphere. It has 
been a sort of li arbour of refuge to which a considerable variety 
of northern types emigrated, and where they lived for probably 
long periods; and where remains of them are not infrequently 
found; and it thus has become almost a museum of early and 
interesting types. 

The Sahara almost completely divides the north of Africa 
from the Equatorial region and South Africa, and for very long 
periods it must have been a nearly impassable barrier. In the 
south the Kalahari must also, for perhaps the greater ])art of 
the Pleistocene, have been a substantial barrier passing half way 
across the continent. Few immigrations are thus likely to have 
taken place into South Africa, except by the Nile Valley and 
the east coast. Further, the western half of South Africa, 
during most of the human period, must have had a very small 
rainfall and been a relatively inhospitable land; and human 
races that did manage to reach South Africa must have been 
little molested for long periods by the races that had settled 
in the more fertile east const farther north. 

Until near the end of the last century the study of man 
and his origin had been entirely confined to European specimens. 
Then in 1891, Dr. Dubois discovered the famous apeman of 
Java — Pithecayithropus erectus — and since then other specimens 
have been found, and the remains of perhaps two or possibly 
three other human races in Java. In 1930 the world had revealed 
to it a wonderful new type of skull, the Pekin man, allied to 
Pithecanthropus, but much more definitely human and much 
better preserved. 
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The study of these Asiatic types and of the European 
Neanderthals and Piltdowns, and of the Heidelberg jaw, has 
led to many differences of opinion as to how modern man is 
related to these early types, and from which, if from any of 
them, he has evolved. The question is an extremely important 
one, and it seems improbable that it can be settled even now, 
with the much further evidence that is available. 

Australia has given to the world a number of very interest- 
ing early human skulls, all apparently allied to some of the 
living types, but showing reason to believe that the Australian 
type of man is very old. America has not yielded us much 
new light on the origin of man ; but the Punin skull of Ecuador 
seems to show that an Australoid type of man lived in America 
perhaps even as early as the Middle Pleistocene. 

South Africa has given us quite a number of types of early 
man, mostly differing considerably from those of Europe and 
Asia; and East Africa has given us the remains of two other 
early types of man; though, unfortunately, these remains are 
not in very good condition, and some European scientists have 
doubts of their being as old as they are said to be. Still 
Central and South Africa have revealed types of man that must 
be considered in any discussion of his origin and antiquity; 
and the South African evidence may lead to some alteration 
in the opinions of most European scientists. 

Apart from the Kafir tribes who have come into South 
Africa from the north in the historical period, we have, in 
my opinion, certainly three, and probably four, South African 
races of man already known. All the early explorers speak 
of two races, tlie Bushmen and the Hottentots, and these have 
generally been regarded by all laymen as very distinct. But, 
unfortunately, a number of scientists lune maintained that they 
are merely varieties of one race. 

Shrubsall, who made a very full study of Bushman skulls, 
and then of Hottentot skulls, came to the conclusion that the 
Bushman was a very distinct race, but that the Hottentots 
were the descendants of an early cross between Bush and Bantu. 
Then later, Keith held that Bush and Hottentot are really 
varieties of the same race. No doubt some European scientists 
were misled by having had sent to them skulls of Hottentots 
which were labelled “Bush,’’ and Shrubsall was also in part 
misled by the fact that Kafirs from Pondoland have skulls 
that are often not unlike those of Hottentots. The reason for 
this is that the Kafir tribes that invaded Pondoland killed off 
the Hottentot men, but kept the women. Even to-day many 
of the old Kafirs wil} tell you that their grandmothers were 
Hottentots. 

When 1 went to live at Douglas, in 1917, I became interested 
in the Bushman-Hottentot problem. Bushmen, if at all pure, 
can always be easily recognised any^vhere; and there were a 
number of Bushmen living in and around Douglas. There were 
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also considerable numbers of another race that might be called 
Hottentots, but many differed considerably from what were 
called Hottentots in the Western Cape Colony. This othjsr 
race called themselves Koranas. They are a moderate sized 
race with rather broad noses, considerably darker than the Cape 
Colony Hottentots, and with long very narrow skulls. 

J made large collections of skulls of both Bushmen and 

Koranas from graves; and though for a time one could not 

be certain of the races of the skulls from these old graves, 

the uncertainty was overcome by getting the skulls of both a 

pure Korana and a Bushman who had died in gaol. Among 

the Koranas, of whom there are still considerable numbers in 

the Herbert and Kimberley districts, 1 found what seemed to 

be evidence of two races intermixed. Besides the typical 

Koranas with narrow skulls and rounded and sloping foreheads, 

some have broad brows with well marked supraorbital ridges. 

These latter 1 regarded as evidence of an earlier Australoid 

race, and I called them Australoid Koranas. 

• 

The majority of anthropologists remained unconvinced, and 
lield that all the yellow skinned races are really varieties of 
the Bushman. Then Dr. Pyper began studying the blood groups 
of those Bushmen and Hottentots that he could come across, 
and he made a very interesting discovery. He found that 
relatively pure Bushmen have blood of 0 and A groups with 
relatively little B, while the Hottentots, even though not very 
pure, have blood that has mainly 0 and B. And he holds that 
the pure Bushman must have been an 0 and A race, while 
the pure Hottentot must have had a larger percentage of B 
than any other race at present known. He thus confirmed 
the views I had come to from the study of the skulls, that 
the Bushman and the “Hottentot" were originally two very 
distinct races. Of course the Bushmen and the “Hottentots" 
have frequently mixed, and all intermixtures can be met with. 

Tf I am right in considering that we have two main yellow 
skinned races, it seems better to call them Bushman and 
Korana, and to retain the name Hottentot for what is almost 
certainly the Bush-Korana mixture. These Hottentots are 
to-day mainly found in the ivestern half of Cape Colony and 
Namaqualand. We have the fairly pure Koranas in the western 
side of the Orange Free State, and a few in the Eastern Cape 
Colony, where they were called Oonaquas. 

Of early human skulls we have at least six in South Africa. 
These are the Bhodesian skull, the Springbok Flats skull, the 
Boskop skull, the Cape Flats skull, the Fish Hoek skull, and 
the Florisbad skull. A good many other skulls are known, and 
some are of fair antiquity, but they are of secondary importance. 

The Bhodesian skull is by far the most important early 
human skull found in South Africa. It was obtained from a 
cave in Northern Bhodesia in 1924. Unfortunately, the accounts 
of how it was found differ greatly. One says the whole skeleton 
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was there; another that there was only the skull. The skull 
was sent to the British Museum with a number of human 
bones; but when the bones were examined it was found that 
they belonged to at least three individuals, and probably none 
of them belong to the skull. The bones seem to be all bones 
of Homo aapienst while the skull is certainly that of a primitive 
type of man which differs very greatly from modern men. 

It seems possible that the skull comes from an older deposit 
than that in which it was found, owing to the materials in 
the hill having been disturbed by some earth movement. We 
have now no way of determining the age of the skull, as no 
scientific examination was made of the deposit at the t’me. 
One fossil species of Leptaelurus has been described, but the 
other remains found are apparently of living species ; and 
possibly none of them were contemporaneous with the Hhodesian 
skull. Not improbably the skull may be of Middle Pleistocene 
age; it may possibly be even earlier. 

The skull is remarkable for the huge size of the supraorbital 
ridges, the great length of the face and for the absence of a 
canine fossa. In the first and third of these characters it 
agrees considerably with the Neanderthal skulls, but in the 
second character it differs markedly. It also differs in the 
teeth. While in Neanderthal man the teeth agree rather closely 
in their crown structure with those of Homo sapiens, the 
Hhodesian teeth differ considerably. 

Smith Woodward, who first described the skull, made it 
the type of a new human species, and called it Homo 
rhodesiensis. He and most other writers have regarded it as 
being allied to the Neanderthals, mainly by reason of its great 
supraorbital ridges. But the face is very unlike, and the brow 
is not at all Neanderthaloid. Having only the one skull, without 
the mandible, it is hardly possible to determine with any 
certainty the affinities of this remarkable type. Possibly it 
will prove to be an aberrant development from a typo like the 
Ngandong man from Java. Unfortunately, we do not know 
the face of this type. 

The Boskop skull is only known by the top of the calvaria 
with a good temporal bone, part of a mandible and a few 
fragments of little importance. It was found in a supcrfiicial 
lateritic deposit at Boskop, near Potchefstroom, in We 

cannot determine the age. The skull is completely fossilised. 
From one implement found in association, it seems to belong 
to the Middle Stone Age. It may quite well be 10,000 years 
or 50,000 years old. 

The skull is unlike any other known. It is one of the 
largest ever found. It measures in length 212 mm., and in 
greatest width at least 158 mm. The bone in places is thick 
and in other places relatively thin. There are no large supra- 
orbital ridges. The brow, though prominent, is very narrow. 
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and the parietal eminences well marked. The brain must have 
been very large. Possibly it was over 1,800 cc. 

The skull is not in the least Neanderthaloid, but though it 
is so very large it has a number of characters which we find 
in typical Bush skulls. Possibly it may be near to the ancestral 
undegenerate Bushmen. Though the living Bushmen are usually 
dwarfed, and with small brains, some Bush skulls from caves 
have very large brains, as we see in the Plattenberg Bay skull, 
described by Drennan. But until we find other examples of 
Boskop man, we must also leave his affinities as uncertain. 

The Springbok Plats skull is, fortunately, fairly well pre- 
served, and we liave a good deal of the skeleton. Like the 
Boskop skull, it was found in a superficial deposit of what we 
call surface limestone. It is completely fossilised. It must 
be fairly old, but we have no way of determining the age. Like 
the Boskop skull, it may be 10,000 years or 50,000 years old, 
or even much more. It was found with remains of the extinct 
giant buffalo Buhalua haini, and an extinct large horse, probably 
Equua capenaia. 

The skull and skeleton belong to a largo powerfally built 
man, and a typical Homo aapiena. The brain is a little larger 
than that of moat Europeans of to-day, with a well developed 
brow, but with no trace of Neanderthaloid supraorbital ridges. 

Again, having only one skull, it is ratlier risky to decide 
on the race. It does seem ])robable, however, that he is an 
early Korana or an allied type. 

The Fish Hoek skull and skeleton are well preseived, but 
probably not oJ very great antiquity. Quite probably they are 
only a few thousands of years old. The skull is held by Keith 
and others to be an early Bush ty})e. But while it may have 
a little Bush blood it is clearly not what I would consider a 
Bush skull, while it resembles, in most of its characters, skulls 
that are definitely Korana. Most probably it is a Korana skull 
with a little Bush admixture. 

The Cape Flats skull and the Florisbad skull are of a some- 
what different type from those of most Koranas. The Cape 
Flats skull, while probably of no very gi*eat antiquity, is an 
Australoid skull, very unlike that of the Bushman, but agreeing 
fairly closely with what I have called the Australoid Korana. 

The Florisbad skull is a very remarkable one. It is of 
consideral^e antiquity, being associated with a number of 
extinct mammals, and is probably of Uj)per Pleistocene Age. 
With it w'erc found many implements of Middle Stone Age. 
We might provisionally put it at between 50,000 years and 
100,000 years old. 

The skull is imperfect, consisting only of much of the face, 
the frontals and much of the parietals. The brow is very broad 
and slopes backwards, and it has moderately well developed 
supraorbital ridges. Had the brow alone been found many 
would have considered that it is a form of Neanderthal, but 
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the face is quite unlike the Neanderthal type, having remark- 
ably well developed canine fossae. The skull bears a distinct 
resemblance to the Wadjak skulls of Java, and we may regard 
it as an early African Australoid type which once lived at the 
Cape, perhaps before the Bushman and the Koranas. 

The evidence is too slight to enable us to decide whether 
the Florisbad type is related to the Rhodesian skull. Though 
the flattened brow with the considerable supraorbital ridges 
support a possible affinity, the face is very different, and the 
probability seems to be rather in favour of the Florisbad 
belonging to a distinct race. 

The consideration of these South African skulls raises two 
interersting and much discussed problems; whether the Neander- 
thal race is ancestral to Homo sapiens and whether Homo sapiens 
is a very old type — ])erhaps even older than Neanderthal man, 
and perhaps even ancestral to it. 

When, before 1890, Neanderthal man was the only human 
race known that differed from Homo sapiens it was natural for 
those who were on the outlook for missing links to assume as 
not improbable that the Neanderthal race was an ancestral 
human ty])e. The large supraorbital ridges were compared to 
those of the gorilla, and the absence or slight development of 
the chin was also considered to be an anthropoid character. 
Even those who could not agree to the Neanderthal man being 
an an<*estor considered that this race was a survival of a very 
early tyjie of man wdio retained a number of simian characters. 

Then the discovery of Pithecanthropus, in 1891, seemed to 
give further au})port to the view that man had come from a 
type somewhat like Neanderthal man. In Pithecanthropus we 
had a primitive man with a small brain and with a flat brow 
and very marked if small supraorbital ridges. Then forty years 
later Sinanthropus skulls w’ere found, which showed that early 
man undoubtedly had a small brain and supraorbital lidges and 
a rounded chin. 

In 1929 the eminent American anthropologist Hrdlicka 
revived the theory that Neanderthal man was the .incestor of 
Homo sapicjis; and ten years later Coon, in discussing the 
Mount (^armel skulls, ga\e his support to the same view. He 
says: “ Keith and McCowm have demonstrated beyond serious 
doubt that the skull and skeletons are intermediate between 
Homo yieayiderthalensis and Homo sapiens, and that Neander- 
thal must, therefore, be included among the ancestors of modern 
races.** 

At Mount Carmel there have been found in caves a num- 
ber of good skulls, some of w’hich are pretty manifestly a variety 
of Homo sapiens — Australoid skulls with small but very distinct 
supraorbital ridges, and with them at least one skull, that of 
a woman, who is manifestly a Neanderthal type. This latter 
skull has been called the Tnbun skull. If we assume, as do 
Keith and McCown and some others, that this Mount Carmel 
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people represent one race, then we see at least one member 
apparently a Neanderthal type and the other resembling modem 
man, except for the distinct supraorbital ridges, and the natural 
conclusion would be to regard the Mount Carmel tribe as one 
that is evolving from a Neanderthal type to a Homo sapiens 
type. 

But surely a fur more natural explanation would be to 
conclude that we had then living in Palestine two very distinct 
races--one a powerfully built race essentially Homo sapiens^ 
and tlie other a Neanderthal race; and that while the more 
virile race probably attacked and killed off many of the 
Neanderthal men, they kept at least some of the women. This 
Tabun woman was possibly the wife of the Skhui man, or 
perhaps the nurse of his children. In South Africa we find 
the same thing has ha])pened again and again. Tn eaves we 
may find most of the skulls those of Koranas, but with those 
of Bush women; and it is the same in old graveyards, where 
there are many Koranas and some quite pure Bush women and 
even Bush men. 

It is interesting to note that all known Neanderthal skulls 
are of comparatively late date. True, we have the Mauer jaw 
of early * date, but it is by no means certain that this is a 
Neanderthal jaw. The Steinheim skull has also been regarded 
as an early Neanderthal type, but judging by the figures that 
have been published it does not seem to me to be a Neanderthal 
type at all. 

Then it is remarkable that excey)t in the Mediterranean 
regions, Europe and Turkestan, no Neanderthal skull has ever 
been found. In Java we have Pithecanthropus, and Iho Wadjak 
skulls and the Ngandong skulls, but no trace of Neanderthals. 
In Equatorial and South Africa we have many early human 
skulls, but again definitely no Neanderthals. 

In East Africa, Leakey has made two extremely important 
discoveries of early man — the Kanam man and the Kanjera 
man. The Kanam jaw is, unfortunately, very imperfect, but 
there is no doubt that it is a human jaw, and it is not Neander- 
thaloid, and it is said to have been found in beds that are of 
Lower Pleistocene Age. Kanjera man is known by the frag- 
ments of two skulls said to have been found in beds of Middle 
Pleistocene Age. Though the two skulls are badly broken they 
can be restored with considerable confidence, and the interesting 
point about them is that they are both typically Homo sapiens 
without a trace of any Neanderthal characters. 

When Leakey announced this discovery most English 
scientists accepted Leakey’s statements that he had found these 
non-Neanderthal human remains in beds that were Lower and 
Middle Pleistocene. But a little later Professor P. G. H. Boswell 
visited the localities in East Africa, where the remains had 
been found, and he considered that there was some doubt as 
to the precise spots where the remains had been found, and 
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owing to the clayey nature of the beds he was doubtful as to 
the human remains being contemporaneous. 

Having fully considered Boswell’s doubts and Leakey’s 
reply, I have no hesitation in taking Leakey’s side in the dis- 
pute. Leakey says he found the Kanjera skull fragments 
on the surface of a weathered bank, and that on working into 
the undisturbed bed other fragments were discovered, showing, 
it seems to me, quite conclusively that the remains were con- 
temporaneous with the bed in which and on which they were 
found. Tt may be regrettable that Leakey did not ^ake photo- 
graphs of all the fragments before he picked them up; but 
even though he did not, I accept his account of how and where 
the fragments were found, and also believe that those fossilised 
human skull fragments arc remains of Middle Pleistocene Man. 

It is unfortunate that we frequently see a tendency in oven 
some eminent scientists to doubt the honesty or at least the 
skill of other workers. In the case of the Galley Hill skull, 
Heys, who saw the skull in situ, and Elliot, who saw the spot 
where the skull had lain, were both quite satisfied that it was 
in undisturbed gravel; but while Newton and Sollas and Keith 
all considered the skull as contemporaneous with the gravel, 
others doubted the evidence of the discoverers ; and to day most 
follow the lead of Sir John Evans and Sir William Boyd Dawkins 
in regarding the skull with suspicion. 

If we accept Leakey’s finds as evidence that man of the 
modern type lived in Middle and even Lower Pleistocene times 
then it would seem as if this type of man is much older than 
the Neanderthal; and another possibility arises. Is it not 
possible that Neanderthal man has been evolved from some type 
of modern man? 

Neanderthal man has been regarded by the large majority 
of anatomists and anthropologists as a primitive type of man. 
It has large gorilla-like ridges above its eyes, and it has a very 
prognathous face, and a few characters in the skeleton are in 
keeping with these supposed primitive characters. But if we 
consider these characters critically we see reason for doubting 
if any of them is really primitive. 

The great gorilla-like supraorbital ridge is really not a 
primitive character at all. The gorilla has them well developed 
and the chimpanzee has them much less marked. The orang 
lias scarcely any supraorbital ridges at all. The large baboons 
have ridges fairly well developed; but nearly all other monkeys 
have very small ridges or none at all. The character is cer- 
tainly not a primitive character. Further, we have, as 
will be shown, good reason to believe that man is not at all 
closely related to the gorilla or chimpanzee, and that the ridges 
we find in the Neanderthal man must have been developed quite 
independently from an ancestor which had them only feebly 
or not at all developed. Large supraorbital ridges are, in my 
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opinion, of no morphological significance; they are merely con- 
comitants of massiveness. 

In small deer and antelopes the antlers and horns are 
small; in large deer and antelopes antlers and horns may bo 
enormously developed, and far larger relatively than in the 
small forms. In the extinct Titanotlieres we find exactly the 
same rule. The small Titanotheres had quite small bony out- 
growths on the snout, or none at all. The large Titanotheres, 
like Brontotherium, had huge hornlike out-growths; and we 
find, in addition, to the nasal horns, bony out-growths on the 
cheek bones. We find the same rule in some other groups, 
even in the large Anomodont genus Aulacocephalodon. 

Then it is held that the face of Neanderthal man is aUp 
more gorilla-like than like that of modern man. But here again 
the condition is not primitive. It will, however, be said that 
the chin is unlike that of Homo sapiens, and like that of the 
anthropoids. C^ertainly some Neanderthals have no cliin; but 
others have Ji little bit of a chin. 1 inedine to think that even 
the absence of chin in the Neanderthals is a secondary cliaracter. 
When the face took on the prognathous development the teeth 
were carried forward, and the chin disappeared as a prominence. 

The chin in man is a unique character, not met with in 
any other mammal. It doubtless arose from a lower jaw like 
that found in Australopithecines when the teeth became much 
reduced in size. The lower part of the jaw remained little 
altered owing to its having to accommodate the muscles at the 
base of the tongue, and when the teeth became reduced the 
upper part of the ramus had to become shorter than the lower, 
and as a result a chin developed. In Neanderthal man the 
reverse process probably took j)Iace, and with the tooth area 
being earned forwards the chin disappeared. 

Another interesting Neanderthal character is the taurodont 
character of the molars. But this again is not a primitive 
character, and apart from the taurodontism the Neanderthal 
teeth do not differ appreciably from those of Homo sapiens. 

The most important contributions that South Africa has 
made to the problem of the origin of man started with the 
discovery, in 1924, of the now famous Taungs skull. This was 
described by Bart in the beginning of 1925 as the representa- 
tive of a type of anthropoid, somewhat intermediate between 
the chimpanzee and man, but nearer to the ancestor of man 
than any other known form. Most European scientists con- 
sidered that Dart had made a mistake, and that the Taungs 
ape was really a variety of chimpanzee. This was the first 
opinion of Keith, Elliot Smith, Smith Woodward, Duckworth, 
and Robinson. From the first I supported Dart's view, and 
soon Sollas, who had inclined to the view of Elliot Smith and 
Keith, also came to regard the Taungs ape as not allied to 
the living anthropoids but near to the ancestor of man. Then 
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Elliot Smith also came round to this view, and in America 
Gregory also supported Dart’s view, while Bomer said that 
whatever Australoj)ithecus was it was certainly not a chimpanzee 
or a gorilla. Adloff went further than Dart and held that it 
was a true primitive man. 

The difficulty of coining to a definite view of the affinities 
of Australopithecus was largely due to the fact that the skull 
and only known specimen is that of a child comparable to 
a human child of about five years. 

As there seemed to be no other way of convincing the 
world, I resolved, in 1936, to hunt for an adult skuJl. There 
are numerous caves in the dolomitic limestone of the Transvaal, 
and I started on my hunt. I knew that even if I did not find 
any evidence of primitive man or of his possible ancestors, I 
was sure to find many new Pleistocene mammals, as very little 
had ever been done before in this direction. Within a few 
weeks I had discovered nearly a dozen new extinct species, 
and at least one new genus. 

Then I lieard of the limestone workings at Sterkfontein, 
near Krugersdorp, and went there with two Jolmnnesburg 
students, G. W. H. Scliepers and IT. de Riche. The manager 
of the limeworks was Mr. G. Barlow, who had on(»ft worked 
at Taungs, and he knew something about tlu» Taimgs skull. 
J got him to promise to keep a sharp look out for anything 
like the Taungs ape revealed by his blasting operations. Within 
ten days he had discovered the brain cast of an allied form. 
A long search revealed moat of the skull, hut without the 
mandible, of what proved to be a new form of higher primate 
allied to Australopithecus. And tliis new specimen was an 
adult. In my first published account I described it as a new 
s])ecies of Australopitliecus. Later J made it the type of a 
new’ genus, and called it Plemanthropus traunvaalcnais. It is 
unnecessary here to give any detailed description. 

For nearly two years I visited Sterkfontein every week, 
except while on a visit to America in 1937, and I made* many 
other interesting discoveries. I found a beautiful maxilla of 
what I regard as a female, and a maxilla of what 1 consider 
to be an old male with extremely worn teeth. Many isolated 
teeth were discovered, and the adult dentition is now almost 
fully known. Of the milk dentition we only know half of one 
molar, Then I was fortunate in finding much of another brain 
cast, and part of a third. Wo also got a few post-cranial bones, 
the most important being the distal end of a femur and a carpal 
bone. 

In 1938 an even more important discovery was made at 
an adjoining farm Kromdraai. Here was found nearly the whole 
of the left side of an adult skull of still another typo of higher 
primate. In addition to the skull we w’ere fortunate in getting 
a beautiful mandible, the distal end of a humerus, and proximal 
end of an ulna, and a number of finger bones. Then in 1941 
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we were further fortunate in getting part of a lower jaw of 
a very young child with the beautifully preserved milk teeth. 
I described the Kromdraai skull under the name Paranthropus 
robu8tu8, and 1 regarded it as allied to the Taungs and Sterk- 
fontein skulls, but belonging to a third new genus. 

Some English scientists considered that 1 was rather daring 
in putting both the Sterkfontein and Kromdraai skulls into new 
genera, and thought it likely that the skulls I had found would 
prove to be only adult specimens of Australopithecus. Now 
that we know the lower milk dentition of the Kromdraai ape, 
we can at once see that it is very different from the milk 
dentition of Australopithecus, and also from that of Plesian- 
thropus. Plesianthropus is more nearly allied to Australopithe- 
cus. Paranthropus differs so markedly that we may even have 
to put it into a new family or sub-family. 

These three South African higher primates all show 
interesting affinities to man. Geologically they all seem to be 
too recent to be human ancestors. The Taungs ape is almost 
certainly very much older than the others. I regard it as Lower 
Pleistocene, or possibly Upper Pliocene. Plesianthropus and 
Paranthropus are both, in my opinion, Middle Pleistocene forms, 
but these must differ greatly in age. The associated faunas 
are almost entirely different. 

Though these fossil primates may not be in the human line 
they represent a group which probably survived from the 
Pliocene, and, in my opinion, it was from some Pliocene 
member of this group that man arose. Gregory and Heilman 
have placed these South African forms in a new family, which 
they call the Australopithecinae. The group is manifestly not 
at all nearly related to the living Anthropoids, and must bo 
related to the ancestor of man. 

The first lower milk molar of man has four well marked 
cusps, and so has the corresponding tooth in Australopithecus 
and Paranthropus. In the gorilla this tooth has only one cusp. 
In the chimpanzee and orang there is one main cusp with 
rudiments of two others. 

The close resemblance of all the milk teeth of the Austra- 
lopithecines to those of man, seems to force one to the conclusion 
that man is closely related to this family and not closely related 
to the gorilla and chimpanzee. Weidenreich has argued, from 
the structure of the human adult lower premolars, that man 
cannot be closely related to the living Anthropoids, ^\here the 
adult premolars differ essentially. And this view is fully con- 
firmed by the structure of the adult teeth of the Aiistralopithe- 
cines, besides many other points of the skull structure. 

Dart had argued from the apparent habits of the Taungs 
ape, that it must have been mainly bipedal; and this is borne 
out by what we knowr of the limb bones of Plesianthropus and 
Paranthropus. In my opinion the Australopithecines w^ere almost 
as fully bipedal as man. They were certainly not forest animals. 
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When the Taungs ape lived, Bechuanaland was much more 
desert than to-day, with a rainfall of probably under six inches. 
Even the Transvaal in Middle Pleistocene times, was certainly 
not forest country. The Australopithecines must have lived, 
like baboons, among the rocks and on the plains. 

Though they were not yet men these South African fossil 
types were nearly human. They had brains of from 450 cc. 
to 650 cc., and the brains were highly convoluted, and though 
very different from those of the Anthropoids, very similar to the 
Pithecanthropus brain, but smaller. Still Von Koenigswald con- 
siders that the female Pithecanthropus had a brain perhaps 
as small as 750 cc., so that the gap between this and the 
Paranthropus brain, of at least 650 cc., is not a large one. 

The South African discoveries have shown, I think, con- 
clusively, that man cannot have been descended from any of 
the typical Anthropoids, and has almost certainly come from 
a pre-Dryopithecid of Oligocene times. Tf this be so, it seems 
improbable that Homo sapiens passed through a Neanderthal- 
like stage; and makes it not improbable that Neanderthal man 
has been derived from a human type, such as the Wadjak by 
a mutation, perhaps due to arctic conditions, which resulted in 
massiveness of face and generally acromegalic characters. 

The descent of man seems to have been by stages, such as 
an Australopithecine type, next a Pithecanthropus-like type, 
then a Sinanthropus-like type, and then an Australoid type of 
Homo sapiens, 

INDEX TO TEXT FIGURES. 

Fig. 1 — A Right mandible of Varanfhroinis rohusius Broom. 

B Right mandible of Pithecanfhropn.s erectvs Dubois. 

C Right mandible of Ifomo sapiens Linn. 

(All figures natural size). 

Fig 2 — Crisps of the Right Lower Milk ^lohirs in various Primates, x2. 
A Baboon {Papio comatns), 

B Orang {Pongo sp,), 

C Chimpanzee (Pom sp,). 

D Gorilla (Gorilla gorilla), 

E Taungs Ape-man {Australopithecus afiicanvs), 

F Bushchild (Homo sapiens). 

G Kromdraai Ape-man (Paranthropus robust us). 

H Sterkfontein Apc>man (Plesianthropus transvaalensis). 

1, 2, 3, 4, 5, 6, cusps; ag, anterior cusp; ic, intermediate cusp; F 
represents tho teeth in a Bushchild in the Anatomical Department, 
Witwatersrand University, where the cusps are almost exactly as in 
Australopithecus. The Kromdraai milk teeth are seen to differ 
markedly from those of ,the Taungs Ape-man. The Sterkfontein first 
milk molar differs considerably from those of the other two known 
Australopithecines and it resembles the corresponding tooth in some 
Kafir children. It belongs to the jaw which has tho beautifully 
preserved canine which is certainly not human. 
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LIBEAEIES AND SCIENCE 

BY 

Percy Freer 

Presidential Address to Section F, read 29th June, 1943 


Introduction 

Under the auspices of this Association the first conference 
of librarians and those interested in libraries in South Africa 
was held on Tuesday, 5ih April, 1904, at Johannesburg, when 
the late Dr. Eeuiiert presided. There were also present the 
late Howard Pirn (then Chairman of tlie Johannesburg Public 
Library), the late Bertram Dyer, Mr. John Eoss (then of 
Pietermaritzburg, and but recently retired from the Kimberley 
Public Library), and others. The late Sir Perceval Laurence 
wrote, but did not read the inaugural address, in which he 
urged the inauguration of a South African Library Association 
and the starting of a library journal. (*^) The late Dr. innes, 
Dyer, and other speakers deprecated any such attempt, and 
it was unanimously agreed to ask the Council of the Association 
to arrange a special sub-section of Section D (!) at future 
annual meetings to deal with the question of libraries. (*®) At 
the next year’s meeting Dyer contributed another interesting 
paper on “ Libraries for scantily populated districts. ”(^*) (He 
had read one to the first meeting in 190B at Cape Town).('®) 
I record these contributions of forty years ago lest you should 
think that the present address had been better entitled: 
‘‘ Science and the Frustration of Libraries.” I am not aware 
that the Association again acted as publishing medium for 
South African librarians until 1936, for Mr. Kennedy; (*®) and 
again in 1941, when Mr. Asher read his Presidential Address 
here on ” South African Libraries. ”(“) Meanwhile the South 
African Library Association had been defiantly launched in 
1930, (^*) and its own journal started three year later. (®*‘) 

This address, as originally announced, was entitled 
“ Libraries and the Advancement of Science,” primarily because 
I wished to associate my subject with the name of the 
Association. But a little thought indicated that our rudiments 
of a service might more aptly be termed ” Libraries and the 
Frustration of Science.” Then there appeared evidence to 
show Science’s claim to the advancement of libraries; and again 
of their frustration by Science. And finally of Science herself 
being the common enemy. The upshot was that Council allowed 
the change of title, and so provided me with an ample and 
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flexible if not scientifically constructed framework for the 
subject matter of this address. 

Before proceeding may I define “ Science,'* as here under- 
stood, to connote any branch of knowledge, as it does in French. 
Our Bussian allies, in turn, regard as dangerous and unscientific 
any distinction between pure and applied science, and ask how 
any genuine science (that is to say, any real knowledge of 
the universe) can be “ pure " in the sense of having no relation 
to the external world. 

Libraries and the Frustration of Science 

With this introduction allow me now to quote from the 
Report of the Interdepartmental Committee on the Libraries 
of the Union: “ In library development the Union of South 
Africa lags behind the rest of the civilized world. At the 
root of the trouble is the general adherence of South African 
libraries to the Subscription System. This should be aban- 
doned for a Free System, and the benefits of libraries made 
available to every citizen. "(*•’) It has not yet been aban- 
doned, and the adherence has endured for 125 years. Surely 
a longer sentence than we deserve! But perhaps not, for we 
continue to connive at the annual payments from public funds 
to those exclusive libraries; to subscription libraries 

" reluctant to open the doors to the public, so that the vested 
interests of subscribers . . . prevent , . . the libraries from 
becoming popular institutions," (**) For just so long as this 
iniquity continues do we postpone the inauguration of a library 
system which, if it cannot be exemplary, would be better based 
on any other system than that of eighteenth century England. 
" For literary culture a government can do most by . . . 
promoting libraries that place books within the reach of those 
who cannot buy . not by heeding St. Matthew’s 

" For whosoever hath, to him shall be given. ..." 

It was the late Right Hon. Sir John Wessels who said 
that " in the absence of Union library legislation the South 
African library position must remain chaotic. "(^*) There is 
indeed almost a total absence of any co-ordinated system, and 
actual competition between libraries and librarians only gives 
way to co-operation in the case of institutions of the same 
town. Fortunately your demands are modest as yet, otherwise 
the lack of a proper system must have been exasperating, if 
nothing more. Since war broke out, and the oversea markets 
closed one after another, we had to manage as best we could 
with what, more by good luck than judgment, was already 
present in the country. Occasionally, it is true we could still 
remedy a deficiency by obtaining from London, after much 
delay, a photostat copy of an important article. For the rest, 
we have had to share with Australia and New Zealand, the 
disadvantages of isolation from the literary resources of Europe 
and America. 
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The Interdepartmental Committee also recommended the 
appointment of a National Library Board to advise the Union 
Government on matters affecting the organisation and co-ordina- 
tion of the library system of the country as a whole, and 
emphasised that “ the eflSciency and success of any library 
service . . , depend mostly on the quality of its personnel 
[since] the demands made ux)on the librarian of a modern large 
library are very great/ In the meantime it is becoming 
.more and more dS&cult to attract scholarly people to the library 
profession owing to prevailing low salaries; our scales fail, e.g. 
to recruit science graduates to our ranks, just when science 
is becoming still more specialised. That the training, the status, 
and the conditions of employment of librarians are matters as 
important to you as they are to the present victims, will 
emerge later. We do not want to see ever again the estab- 
lishment of “ a university without a library ** — or a librarian. 
The 1928 Commission felt “ that . . . the library facilities at 
the existing institutions [were] inadequate. At some they can 
hardly be said to exist. Such conditions, by the way, 

justified the sending of post-graduate scholars overseas; as 
they did not warrant the award of higher degrees locally so 
long as the necessary literature was unobtainable in the country. 

Turning to a bibliographical comparison of the world’s 
output with local stocks, it has been computed that during the 
cradle days of printing alone some 40,000 editions appeared; 
and by 1911 the figure had reached 25,000,000, but of which 
the Brussels Institute had recorded only 14,000,000 by 1928! 
Professor Hutton, writing last year, stated that the National 
Central Library in London commanded over 21J million books 
for purposes of inter-library loans, these representing the stock 
of the English public libraries, plus nearly 150 “ outliers," i.e. 
special libraries, together with about 35,000 sets of scientific 
periodicals. (**) 

It does not follow that, because of a smaller population 
our own requirements are more modest. Yet, " in 1933 the 
Librarian of the State Libijary, Pretoria, said that of the 
1,780,000 books that were recorded within the libraries of 
the Union, something over 1,000,000 could be regarded as 
surplus. (He may have meant duplicated, superseded, 

or fictional; certainly few of them have passed the test of 
informed selection). 

Book selection is one of the most important and exacting 
of a librarian’s duties, and, as applied to scientific literature, 
is often beyond him. Hence Book Selection Committees are 
largely composed of university professors and other specialists. 
Admittedly — and obviously — there are a few competent librarians 
in the Union, but which, among them, would dare, unaided, 
to skim the cream of the world’s literary and scientific output, 
implying a working knowledge of every important language, 
and an insight into every subject under the sun? Science has 
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no geographical boundaries, but language barriers persist, and 
relief is urgently needed, whether it come through “ Basic,” 
” Interlingua, or another medium as internationally under- 
stood, as, for example, is H^O. 

The Sub-committee on Bibliography of the International 
Committee on Intellectual Co-operation of the League of 
Nations approved in 1924 the annual publication of an abridged 
list of notable books published in the different countries of 
the world, which could be regarded as representative of the 
achievements of each country in tlie various fields of intel- 
lectual work. And so for the next six years Notable Booixa 
was published, listing at the outset 352 titles from 20 various 
countries. The Union's list appeared for the first time in the 
volume for 1925; it was allowed to make honourable mention 
of 10 titles only, because it was then publishing less than 2,500 
titles per annum. (-•) 

AVhat Professor Gilbert Murray said in 1924 about the 
relevance of bibliography to the cause of intellectual co-operation 
will bear repeating now: 

” It is by reading one another's books that we get 
into one another's minds; it is by the co-operation of 
scientific and philosoidiicad research; it is by co-operation 
in building up literature and art in our different countries 
that we can liope to get the minds of different nations 
moving again in concord and working towards something 
like a common end. The original idea of the Committee 
on Intellectual Co-operation was to try to help the intel- 
lectual life of Europe, which had been torn in pieces by 
the passions of the war, and by the economic and other 
interruptions caused by the war, to flow again in some- 
thing like a common current. ''(*'’■*) 

Similarly the Times Literary Supplement's ” Foreign 
Section 

” An attempt to provide intelligence of world-wide 
literary events in the conviction that international under- 
standing in the profoundest sense of this term, requires 
more intimate contacts between peoples than are vouchsafed 
by economic and political interests.” 

” It is by books that mind speaks to mind. 

By books the world's intelligence grows. ”(***) 

The influx of books into South African libraries must 
exceed, of course, the rate of one book per day, or one parcel 
per customer per weeki Of important books relating to 

science a modest 14,000 titles constitutes the annual minimum 
output. But we lack the machinery to select even these. 
Nevertheless, I seriously contend with Mr. Asher (^) that the 
matter of their selection, importation, diffusion, and ultimate 
disposal are surely not the concern of librarians alone. Let 
me tell you how one sister dominion is viewing this problem. 
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The New Zealand Book Besources Committee wants a com- 
plete coverage of recent and new publications, and coverage 
of all back publications which have not become out-of-date or 
been superseded, i.e. it aims to put into New Zealand’s stock 
every book of value, not the “ best book in someone or 
other’s estimation. The Committee recommends that Pure 
Science and Applied Science and Industry should be the subjects 
to be covered first. This scheme is limited, ns yet, to books 
in the English language. None the less it sets one landmark 
in library history, as does the New Zealand Government set 
another in their recognition of an efficient library service as 
an essential part of the equipment of a modern nation. (•**) 

Dr. Keppel would have us remove two other factors which 
at present handicap book selection. He says: “ Librarians can 
make themselves more useful than they nov/ are in recognising 
the need for books as yet unwritten, books on important 
subjects that should be authoritative, simple and readable, and 
in extending the influence of their profession to see that such 
books are written and published. ”(“) 

Any partial fulfilment of those aims will be neutralised if 
the ultimate disposal of the book stock, so painstakingly acquired, 
is not studied with equal care. It is my opinion that one copy, 
the best one only, of every work of non-fiction that ever found 
its way into this country should be preserved in a Union Book 
Hepository when the time comes to withdraw it from active 
service. Discarding relieves full and untidy shelves, and the 
librarian would more frequently exercise this necessary practice 
safely and with an easy conscience, in the knowledge that “ by 
economies in building costs, by deferring of building programmes, 
in savings arising from removal of inactive volumes, by 
co-operative services, and as a permanent place for storage, 
the deposit library would make possible the heightened efficiency 
of libraries. ”(‘*) The destruction of books and periodicals by 
enemy action has sent many prematurely out-of-print. The 
urgency of replacement by photogi'aphic reproduction is a drain 
on the limited paper available and enforces the plea to pub- 
lishers (®*) to ask those subscribers who do not themselves 
conserve their copies to return them, for the purpose of com- 
])leting the files of bombed libraries after the war.(^) Even 
under J^tress of war printed items should only be thrown out 
for pulping with the approval of the one competent body, the 
South African Library Association. 

As every coin has two sides, so, in fairness to my colleagues, 
let us view the reverse. 

Libraries and* the Advancement op Science 

There has been one important scheme working to our 
mutual advantage for some years. I refer to the Inter-Library 
Loan System, whereby any bookish request not met by your 
local library is transmitted to all stations through the Central 
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Library at Pretoria. It powerfully au^ents the very limited 
resources of any one institution, librarians are painfully aware 
of its limitations. The scheme is still very far from being 
complete. Its maximum efficiency awaits several improvements, 
notably : 

1. Large additions to South Africa’s book store. 

2. The completion of a master-catalogue of every non- 
fiction book in the libraries of the union. (At present 
about 100,000 titles have been indexed at the State 
Library, Pretoria). 

3. An enlargement of our holdings of periodical publica- 
tions. 

4. Publication of the new edition of Lloyd's LiBt.(^^) 
(As its Honorary Editor, I welcome this opportunity 
to acknowledge the generous contribution of £100 made 
towards it by the Associated Scientific and Technical 
Societies). 

5. Compilation and publication of a complementary 
volume, covering the Humanities. 

Until items 2, 4 and 5 are available, obviously all attempts 
at both book buying and discarding are risky. 

The study of what is already known is the first step in 
discovering the unknown. To this end the authorities tell us 
that of the 24,000 titles in the World List of scientific periodicals 
only 16,000 are of first-rate importance. But our joy is 
shortlived on learning that these alone contain 750,000 separate 
contributions, i.e. about one good article per journal per week. 
Obviously the task of keeping up-to-date with, and surveying 
so unwieldy and vast a stock of publications is to-day beyond 
the power of an unaided individual. (““) You will now appre- 
ciate a statement made by Dr. Esdaile, the retired Secretary 
of the British Museum, to the effect that “ the periodical has 
added a new terror to research '';(^*) and Ecclesiastes (1:18): 
“ For in much wisdom is much grief; and he that increaseth 
knowledge increaseth sorrow and Keats’: 

“ Where but to think is to be full of sorrow 
And leaden-eyed despairs.” 

” In all this enormous accumulation of material the student 
would lose his way, and waste years before finding even 
part of what he needed, were it not for bibliography. ”(^**) 
Bibliography has become a science; its principal aim is to serve 
the other sciences, or rather intellectual activities. And whilst 
avoiding catalogue enumeration I should like to name here 
at least the main tools at your disposal, most of them designed 
to guide us through that fiood of articles which you persist 
in contributing to scientific periodicals: 

The Royal Society’s ” Catalogue of Scientific Papers ” 

(1800-1900) ; C*®) ’‘International Catalogue of Scientific 
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Literature" (190M4);(w) " Poggendorff " ; (»0 U.S.A. 
Surgeon-Generars " Catalo^e " (1^ + ) ;(^*) “ Industrial 
Arts Index" (1913 + );(**) and the Science Library's 
Weekly Biblio^aphy of Pure and Applied Science 
[1931? + ](«). 

Then of the so-called " union " lists, in addition to 
the " World List **(*“) (and its complementary volume, 
" Boupell ")(*")» most important are: " Gregory " 
(80,000 titles),("®) " Pitt " (35,000), (*«) the Science 
Library's " Hand-list " f9,000),(®®) and the new Lloyd's 
List (which I am calling a " Catalogue of Union 
Periodicals ") (^^) with 6,000 titles. These furnish the 
means of surveying the main researcli done and recorded. 

This is not the end of your trials and tribulations. But 
a change of sub-heading is much overdue. It should now surely 
be 

Science the Common Enemy 

In order to extricate yourselves from this maze you 
launched the Abstracting and Indexing journals, with con- 
fusion worse confounded. In 1937 there were already 300 such 
periodicals, yet they handled merely one-third of the scientific 
papers concerned, missing the other two-thirds, partly from 
inability to assess their importance, partly through overlapping, 
the language barrier, and other reasons. And when my same 
authorities analysed the periodicals containing articles on a 
special subject, e.g. Lubrication, they found the literature to 
be despairingly diffuse. Instead of being conveniently confined 
to the 20 most likely ones, it was distributed among ^kOI **) 
Appalling as are these statistical data, the fact remains that 
if scientists neglect the work of others in their own subject, 
they may spend months and years of work trying to solve an 
already solved problem. The final blow falls when I tell you 
that of these 300 Abstracts and Indexes only 41 of them are 
at your disposal somewhere in South Africa. 

" At one time," says Professor Hutton, (*2) " I flirted with 
the idea of founding a new * Society for the Suppression oi 
Bedundant Periodicals,* which should be a mine of wealth to 
the promoter, for many of the periodicals are mainly kept alive 
by advertisement income, and I feel sure advertisers would 
gladly pay a fraction of what they would save, to a Society 
providing the necessary lethal weapon to strangle new periodicals 
at birth, or as soon thereafter as possible.’* Indeed, there 
even exists at least one periodical carrying " Births and Deaths '* 
in the periodical field as one of its regular features. (•) Your 
remaining hope of keeping up-to-date with the latest develop- 
ments may be found in volumes of Becent Advances, Beports 
of Progress, the Year’s Work, or in H. G. Wells’ " Idea of 
a World Encyclopaedia, "(^®) while courting the attendant 
dangers of superficiality, and becoming a jack of all trades, 
but master of none. In the meantime it is an ill wind that 
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blows nobody good, for the services of librarians become 
increasingly indispensable 1 

Needs and Opportunities 

Not the least of the claims to glory of King Alfred is the 
fact that he cared for bookcrafi. lie, too, claimed that books 
should be given to the people, and he had a whole library of 
classics translated from Latin into English, so that those who 
did not know Latin might be able to read the sacred books in 
their own language. (*®) Similarly to-day the Bureau of Animal 
Population at Oxford is translating into English many ecological 
works emanating from the U.S.S.R.(^*) “ During 1932 the 

number of separate titles published there reached tlie figure of 
55,000, with a total issue exceeding 500,000,000 copies — an 
aggregate product which . . . probably exceeds the output 
for the year of all the publishers in the rest of the uorld.”(*^*) 
Another example of the importance attached to current Russian 
literature is the publication of a war-time guide to British 
sources of specialised information, compiled by ASLIB at the 
request of the British Council on the recommendation of the 
Anglo-Soviet Scientific Collaboration Committee. (®) Shall we 
continue to disappoint our inquirers, or shall we attempt an 
intelligent anticipation of growing demands for more Ru-ssian 
scientific literature? (^®*) So that, in future, paraphrasing Mr. 
Churchill: “ Instead of, as hitherto, getting somewhere very 
late, with very little, wo might for once arrive first, with the 
most. Or shall we remain as “ They who do not feel the 
darkness [and] will never look for the light? *'(**) This time 
you may condone as unintentional the inability of South African 
libraries to furnish required information, whereas a recurronce 
may well be mistaken for sabotage. 

Mr. Hofmeyr, speaking as Minister of Education to the 
Senate, on Slst March, is reported as saying of research: 
“ Progress was being made . . . but he was not satisfied with 
the present position. . . .He doubted whether there w^as sufficient 
co-ordination between the various research organisations, or 
whether there was sufficient encouragement. The National 
Research Board had come to the same conclusions, and had 
made certain recommendations which were being considered. 
In these times, especially, no country could hope to take its 
part among the nations of the world unless it made proper 
provision for research work.'' In my opinion this postulates 
a bibliographical basis, which, if proi)crlv planned, is capable 
of turning a defeat into a victory, for, as Disraeli said: “ A book 
may be as great a thing as a battle.” At the 1937 ARLIB Con- 
ference a member cited the case of the production of glycerine : 

In the days of the 1914-18 war the strategy of the Allied armies 
was based on the supposition that the enemy would exhaust 
the fat supplies from which glycerine w’^as produced. Had the 
literature on the subject been properly accessible it might have 
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been made known to the Allied command that a method had 
already been described in a certain paper for the production 
of glycerine from sugar. Germany was, in those days, in fact, 
already producing glycerine from sugar. *’(*•) Alas, the new 
Catalogue of Union PeriodicaU reveals the fact that not 
one of the 77 participating libraries possesses a single ])eriodical 
on soap! 

With plans to the right of us and plans to the left of us, 
the almost daily announcement of yet another scheme for 
post-war reconstruction would merely become monotonous were 
the matter not so serious. For either the concomitant biblio- 
graphical apparatus is presu]^posed, or it is entirely overlooked. 
The literature prerequisite for the study and ultimate expansion 
of agriculture, education, housing, industry and so forth may 
be largely lacking, exposing such a handicap as will not easily 
be overcome. Still the Government sets up one commission 
after another, appoints committee after committee, subsidises 
this concern and that, and thus increases the demand for 
literature on the new subject interest aroused, to the chagrin 
of tlie inquirer and the embarrassment of librarians. (That 
the Government is not unaware of the importance of literature 
is evidenced by the publication of six Memoirs of the 
Geological Survey, wholly devoted to the bibliography of 
South African geology, by A. L. Hall (Pretoria, Gov. Print., 
1922-39), which had been anticipated in 1897 by the Cape 
Geological Survey’s Bibliography . . . compiled by H. P. 
Saunders). This is putting the cart before the horse. Small 
wonder then that 

The best laid schemes o’ mice and men 
gang aft a-gley 

An’ lea’e us nought but grief and pain 
for promised joy.” 

Research work implies trained personnel, properly equipped 
laboratories, and efficient libraries. As for the last the 
emphasis to-day is more on their informational and educational 
services. Only a highly trained staff and one commanding 
the necessary resources can offer such services. For the 
advancement of science our resources must be augmented, 
firstly in order to lessen the ga]) between the 6,000 titles 
of the Catalogue of Union Periodicals and the 15,000 
acknowledged as being of international importance; secondly, 
as far as the acquisition of those 14,000 books goes. Would 
Mr. Hofmeyr have these desiderata located in a special Service 
Library attached to the 'National Research Council and Board, 
or, to form part of the largest existing science library, namely, 
the Seymour Memorial Library; or divided equally between the 
two national libraries ; or distributed among the present univer- 
sity libraries; or assigned in roughly equal proportions to the 
proposed regional headquarters of the different provinces? 
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National Library System 

And here let it be emphasised that State-aid must not 
begin and end with these national libraries. The burden of 
supplying the new regional libraries in their task of feeding the 
rural stations and other outlying posts, must, for some years, ' 
fall upon the existing urban libraries, so that it would appear 
most unfair to expect the parent provinces and municipalities ' 
to defray all the expenses incurred in carrying out what is 
virtually a national duty, that is, to ** Let the People 
Bead **; to carry free of charge along this endless belt 
literature of a serious nature to the most distant citizen, of' 
whatever race, colour or creed. For “ without literacy," said 
Lenin, " no politics, but only rumours, small talk and 
prejudices. 


Library Advisory Committees 

Unfortunately neither Natal nor the Free State has even 
yet taken over the administration of its public libraries, and 
both Pietermaritzburg and Bloemfontein are falling still farther 
from grace, for, in the opinion of the Interdepartmental Com- 
mittee, only the South African Public Library and the State 
Library are able to fulfil the obligation implied of preserving 
all the material received under the Copyright Act, and it 
recommends that full privileges bo restricted to Cape Town 
and Pretoria. 

The Cape and the Transvaal Administrations, on the other 
hand, brought public libraries within their jurisdiction in 
1913. They have also agreed in principle to the adoption of 
the recommendations of the Interdepartmental Keport and have 
appointed Library Advisory Committees. The Transvaal Com- 
mittee, as the Provincial Secretary said: " In next to no time 
. . . had persuaded the Provincial Administration to obtain 
the services of a Library Organiser ... to assist ... in devising 
a really effective library system for the Transvaal. ... It 
is proposed to divide the Transvaal into, say, 15 regions and 
to have a regional library in each of these centres. . . .To 
begin with, the Organiser has suggested 9. . . ."(**•) The 
Cape has not yet disclosed its plans. (^®*) But at least you 
begin to see " the shape of things to come," and how Mr. 
Hofmeyr’s various research organisations could be linked up 
with a national library system. 

It was one of Mr. Asher’s contentions that the distribu- 
tion of South African industries should influence, if not decide 
the location of their relevant literatures. (*) In this connexion 
Durban, e.g. might assume greater importance than Pieter- 
maritzburg. Then, too, a strong case could be made out for 
the continuance and further development of the special 
libraries, even when in close proximity to large general ones, 
e.g. on Sugar at Mount Edgeombe, Botany at the Division of 
Plant Industry, Paper at Endstra, Veterinary Science at Onder- 
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stepoort, and so on. Though unity is strength it ill behoves 
me to advocate putting all our eggs into one basket. But 
please see that the special libraries do strictly confine their 
collecting to the subject in hand, and not take all knowledge 
for their province. The development of a Central Science 
Library would free them to aim at completeness within their 
proper spheres. 

And here I see a prime, if delicate function of the National 
Jiibrary Board, i.e. with the least possible interference with 
local autonomy, of making the attempt to supervise the 
acquisition and apportionment of literature vital to advanced 
research, whether it be obtained through exchange or by 
purchase. The new GVP (*') will disclose numerous anomalies, 
much unnecessary duplication and annoying imperfections; in 
brief, many bits and pieces of scientific periodical literature, 
variously shared by the 77 libraries which generously participated 
in the work. I hope that one result of publication will be 
a consolidation of broken runs in order to achieve a fair 
geographical distribution, advantageous to all scientists, of 
t^he resulting few complete sets. I am a strong advocate of 
the closest co-operation in the purchase of expensive periodical 
literature. A good sound set of one important title may easily 
cost £1,000, and we lack not less than 10,000. Our past hit 
and miss practice in this respect has not resulted in libraries 
contributing so much to the war effort as might otherwise 
have been the case. At least let us stop short of competing 
against the bombed libraries for the few sets that escaped 
destruction. 

SCTENCE AND THE ADVANCEMENT OF LIBRARIES 

Hitherto I have only incidentally credited Science with 
the advancement of libraries. It is now fitting to specify 
instances of our debt. What are the relations of the scientists 
to the physical book, to its ingredients — paper, printing, illus- 
trations, and binding — and to its preservation, etc.? The 
Frenchman, B. A. F. E4aumur, of thermometer fame, the Pliny 
of the eighteenth century, after observing the nest-making of 
wasps, suggested wood as a paper-making material in 1719. He 
could hardly have been expect^ to anticipate its consequences. 
The generally accepted derivation of the term “ book makes 
the tree its parent, but the use of mechanical wood pulp in 
book-making exposes the tree to a charge of infanticide. To-day's 
excessive wear and tear on books, their publication in ever- 
decreasing editions, (*) their restricted admission into this 
country, (**) these factors alone are distressing enough, but 
they fade into insignificance beside the perishing of literature. 
It seems a poor policy’ to send books to libraries for preser- 
vation when neither such preservation is a condition of copy- 
right deposit, nor the paper they are printed on is permanent. (**) 

There is at least one association, PATBA, devoting itself 
to the Printing and Allied Trades Eesearch. Eival paper 
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technologists have set it other problems, e.g. how to make a 
paper that it is not just a “ soufflA of pulp,** containing 76 per 
cent air, or to prescribe such storage conditions as will not 
readily convert into a brick a book made of coated art-paper. 

“ With my twenty-six soldiers of lead I have conquered 
the world ** is a phrase that has been attributed to Napoleon^ 
among others, but not, so far as I am aware, to Gutenberg, 
the supposed inventor of printing, to whom the world last paid 
homage in 1940. But his Lilliputian army keeps watch for us 
over the wisdom of the past and safeguards the knowledge of 
to-day for future generations. And the “ Battle of the Books ** 
goes on.(**»^®) 

The basic processes of illustration have come full circle, 
from woodcut, through engraving and lithography, back to 
wood-engraving, with much help en route from the photographer 
and colour-chemist. 

What the craft of the bookbinder lost when Michael 
Faraday severed his a 2 )prenticeship to it we can only hazard 
a guess. All we do know is that owing to subsequent 
deterioration someone prescribed a leather dressing to mitigate 
the sins of tanner and librarian alike. May I interpose here 
that we can justifiably look forward to the establishment of 
a large binding establishment in South Africa after the war. 

Students of library classification are familiar with the 
names of Gesner, Bacon, Bay, Linnaeus, and the late Karl 
Pearson. The names of other great scientists are associated 
with libraries, e.g. Sir John Herschel, to whom the idea of 
microphotography seems first to have occurred; (“') J. M. 
Smithson, F.B.S., who, in a fit of pique at the Boyal Society’s 
rejection of a paper by him in 1826, bequeathed the reversion 
of £105,000 to found at Washington “ for the increase and 
diffusion of knowledge among men,*’ The Smithsonian Institu- 
tion, from which to-day we receive its valuable scientific 
publications; also Sir William Osier, historian of medicine, and 
for some years President of the Bibliographical Society. He 
bequeathed his valuable library to McGill, his Alma Mater. 
It was Sir Bichard Gregory, assistant editor of Nature 

from 1893-1919, and editor till 1939, who said that “ good 
and necessary books declare themselves slowly.** But 
evidently the time lag became too much for him, and it is 

probably due to the suggestions made in his paper on 

“ Standards of Book Selection in Science and Technology 
that librarians owe the A8LIB Book-lf8f,(®) the most important 
guide to current literature in our field, because its recommen- 
dations represent the collated selections of more than 70 

specialists. The corresponding American aid. Technical Book 
Review Index ^ is likewise confined to books in English. (^^•) 

Lastly, I must again mention T)r. B. S. Hutton, Gold- 
smith’s Professor of Metallurgy at the University of Cambridge, 
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whose paper on “ Sources of Scientific Information ** has been 
freely quoted above. (**) He is the new President of ASLTB 
and Chairman of its Book-liat Committee. At last year’s con- 
ference he read a paper on The need for training in the 
use of libraries, in the curriculum of universities. 

Summary 

The introduction recorded the early contacts between this 
Association and librarians. In “ Libraries and the Frustration 
of Science " the Report of the Interdepartmental Committee 
was quoted to show that the backwardness of South African 
library develo])ment is due to adherence to the Subscription 
System, and Government aid to these exclusive libraries, 
misnamed ‘‘ public,” is challenged. The disadvantages of 
isolation are aggravated by the absence of Union library legis- 
lation, and a co-ordinated system. Stresses the need for a 
National Librai’y Board to advise the Government on such 
matters. Importance attached to recruiting scholarly and 
trained personnel. Compares local with oversea resources. 
Emphasises the difficulty and iniportance of book selection. 
Mentions aims of the League of Nations, and the relevattce of 
l)ibliograi)hy in the cause of intellectual co-operation. Iinites 
attention to the grand project of tlie New Zealand Book 
Resources Committee, to import every book of value. Cites as 
a landmark the recognition of library service as an essential 
part of the equipment of a modern nation by ihe New Zealand 
Government. Advances arguments in favour of a Union Book 
Repository. ” Libraries and the Advancement of Science ” 
deals witii the existing, though incomplete Inter-Library Loan 
System and the work of the Central Library, Pretoria, the 
diffusion of periodical literature, and bibliography to the rescue. 
” Science the Common Enemy ” reviews the Abstracting and 
Indexing Services, and mentions a ” Society for the Suppres- 
sion of Redundant Periodicals.” ” Needs and Opportunities,” 
overcoming the language barrier. Quotes Mr. Hofmeyr to the 
effect that ” No country could hoj)e to take its part among 
the nations of the world unless it made proper provision for 
research.” Speculates as to the outcome. Argues that plans 
for post-war reconstruction are devoid of any bibliographical 
basis. Delicate apportionment of large-scale literary accretions 
to a National Library System. Postal barriers. Provincial 
Library Advisory Committees. Special libraries and a Central 
Science Library. Co-operation. “ Science and the Advance- 
ment of Libraries ' ’ deals with scientists and the physical book : 
Reaumur and Paper, Printing, Illustration, Faraday apprenticed 
as a Bookbinder, Preservation of Printed Records. Other 
scientists and bibliographers, e.g. Herschel, Osier, Sir Richard 
Gregory and Professor Hutton. 
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NOTES TO ILLUSTRATE THE GROWTH OE LITERATURE IN 
CUR RENT JUR LTOGR A PI 1 1 ES. 

Astronomist her Juhreshcricht. Prom 1,768 items in 1899 to 4,000 in 

1936. 

liiologicat Abstracts. 50,000 abstracts p.a. from 4,000 to 5,000 periodi- 
cals. Of 75,(K)0 articles p.a. the whole nnnibcT of abstracts is 
222.50f). 

Chemistry. Willi about 500 periodicals. The abstracting agencies are 
the oldest (1830-b) and more highly developed than in most other 
subjects, and publications more confined to specific periodicals. 
Jiritish Chem'tcal Abstracts (Pure and Applied) survey about 40,000 
articles; the American and German equivalents about 70,0(X). 

Economics had six abstracting journals in 1926. 

Electrical Engineering is jiarticularly well abstracted; has 400 world- 
wide journals, with about 25.0(K) articles p.a. of which 200 good 
class titles inoduce about 12,500 correspondingly good articles. Yet 
the 11 abstracting and indexing periodicals cover only about 2/5 
of the articles recorded ! 

J'hujhiccriufj ht<1cjr (1881-+) csmtaiiis 50,000 arti<*lcs in 2,000 periodicals 
published annually iu 20 different conntri(‘s. Has photo])rint ser- 
vice for 282 sub-subjects. 

Ifulc.r Mfdints. From 25,000 items in 1879 to 115,000 items in 1935. 

^Metallurgy had eight periodicals ab.stracting 152 journals in 1933, and 
200 ih 1937, of between 370 and 500 titles, containing 3,500 to 
4,5(X) article.s p.a. See: Francis, E. R., Metallnrgi(*al literature, 
its co-ordination and diffusion. Found. Tr.J.^ 66 (1335-36), 177-79, 
194-97, 19 and 26 IMar. 1912. 

l*sffrholo(f}cal Abstracts. From 2,730 items in 1927 to 6,063 items in 

1937. 

Zoological Itccord (1864+) (Insects). From 500 items in 1876 to .3,515 
in 1937. Information from Bradford and Hntton above, and from 
* Rostennan, T., World bibliograpbv of bibliograpbies. London: 
The Author, 1939-40. 2v. 



08 


SorTH African Journal of Science, Vol. A’L, 2)p. 98-103 
Not^ember, 1943. 


STUDIES IN STELLAB STATISTICS: 

111— THE BELATION BETWEEN MASS, LUMINOSITY 
AND TEMPERATURE 

BY 

Du. A. E. If. Bleksley, 

Universitij of the Witieatcrsrandt Johanncfthurg, 

Head June, 1913. 


1. Ill earlier ])apers to the Association (Blekslex, 1937, 
1942) I have sho^vn ihat for tlic Cepheul variables and for 
the eclipsing hiiiaries with m ell-determined elements an empirical 
ninss-luininositY-tem])erature relation can be derived which is 
identical with a th(»oreti(*al relation derived by Dr. J. K. E. 
Jfalm in an luipuhlished investigation. If M is the mass, B the 
absolute holoinetric magnitude, and T the effective temperatun^ 
of the star, a relation exists connecting these three variables, 
which is of the form 

log M = 012 B - 0 20 log T . . . (1) 

This relation is sufficiently simple to make it ]>articularlv 
useful in application if it possesses general validity, and it 
ap])eared worth investigating the relation between these three* 
'variables from other sets of data. 

2. The first test is provided by the material used b\ 
Eddington in testing his theoretical muss-luminosity relation 
(Eddington, 1930), From the tw'o tables of first- and second- 
class determinations of the mass of binary svstems given by 
Eddington, and giving a second-class determination one-thir<l 
of the weight of that attached to one oi the tirst-class, a least- 
squares solution was madt* to determine the co-efficients in an 
equation of the form of (1), The resulting eipiation was found 
to be 

log M = - 0117 B - 0*15 log T jr 0 022 
± C 003 ± 0 07 

The agreement is comi)lete within the probable errors of the 
co-efficients. It seems that the co-efficient of log T is not very 
well determined. Fortunately, however, the variation in tem- 
perature is not very considerable, so that an error in the 
co-efficient has com])arativelv little effect on the resulting value 
of M. 

This being the case, it might be worth eliminating the 
tem])erature completely by assuming that the stars concerned 
are all members of the main sequence, an assumption which 
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in the iiiajority of esses will be justified. In this case we have 
for meriibers of the main stellar sequence a relationship between 
boloTTietrie absolute magnitude and logarithm of the temperature, 
equivalent to the Russell-Hertzsprung clustering, which 1 have 
shown to be given by a linear relation. For tlio tempei*atiire 
scale given in a previous publication (Bleksley, 1935 (2) ) 
T found tlu* relation to be 

log T = - 0*066 B 4 0-3() .... (2^ 

while for tlie ieiuperature scale of Brill, 1 found the relation 
(Blekslev, 1942) 

log T = — 0*050 B + constant. 

The difference in the co-efheients in these two cases is in 
all probability due to the differen(*e in the two teiiii>erature 
scales. The difference between the two results is not of import- 
ance w’lien the equation (2) is substituted in (1), giving a inass- 
Inininosity relation for the main-sequence of the form 

Jog ]\r = — 0*11 B f (‘onstant .... (3) 

In order to illustrate the agreement between these relations 
and the observations, we give in Table 1 the stars with well- 
determined masses in Fiddingtou’s tubh‘, wdth the observed 
muss ^1, the observed bolometric absolute rnagniture B, the 
observed tein])erature T, the value of calculated from tlu* 
mass b\ means of (1), that calctilated from (2), and the value 
cah'ulated from Fuldington's mass-luminosity relation. 

TABLE 1. 


BINARY STARS— FIRST-CLASS DETERMINATIONS. 


Star 


Ohs. 

M 

Obs. 

B 

Obs. 

T 

Calc. 

B (1) 

Calc. 

B (2) 

Calc. 

B (K<ia.> 

(*:ipelln 

h 

4*1« 

-0416 

5200 

-0*21 

-0*65 

-0-34 

Capella 

f 

3*32 

0-22 

7100 

0-32 

0-24 

0-02 

Sinus 

h 

2-45 

0-97 

105(K) 

1-22 

1-13 

0-67 

a Cell 

h 

1*1 1 

4.53 

5000 

1-49 

4-12 

4-16 

a Cen 

f 

0*97 

5-24 

3700 

5-29 

5-05 

5-09 

Sun 


100 

4*85 

5740 

4-9 

4-93 

4-56 

Kr. 60 

h 

0*27 

9*82 

3100 

10-01 

10-65 

11-07 

Kr. 60 

f 

016 

12-32 

3100 

11-90 

12-09 

13-55 


The num* com])lete relation (1) gives, as is to be expected, 
a slightly better re|)resentation of the observed magnitudes than 
the relatioi^ (2), the mean square residuals in the two cases 
being ()*()38 and 0*057 respectively. Jn both cases the agreement 
can be regjirded as good. 

3. A more recent eom])ilHtion of the data of masses and 
absolute magnitudes in visual binaries is given in a paper by 
Pilowski (Pilowski 1936). The important data are given in 
Table 2, in wdiich successive columns give the name of the star, 






100 


SOUTH AFRICAN JOURNAL OF SCIKNCE. 


the logarithm of tho olTectivo temperature determined from the 
spectral typo by a table given by Pilowski, the absolute bolo- 
metric magnitude, determined from the \isual magnitude by 
moans of the bolometrio correction (Blcksley, lOJl.l (1) ), the 
observed logarithm of tho mass and tho class of the di*terniiiia- 
tion, 1 being most accurate, TII least so. 

TABLE 2. 


MASSES OE VISUAL BINARIES. 


Name 


T 

B 

1«K ^l 

Class 

Sun 


000 

4-85 

0-00 

[ 

H Caa 


000 

4-9 

- 0 05 

11 



-0*20 • 

7-8 

-0-47 

U 

0, Kri BU . 


0-17 

10-5 

-0-35 

II 



-0-36 

10-2 

- 0-70 

IL 

it Aiir 


- 001 

00 

0-62 

I 



-001 

0-5 

0-52 

1 

« C Ma 


017 

11 

0-37 

I 



006 

11-3 

003 

nr 

a 0 Mi ... 


007 

2*8 

0*17 

I 



0*07 

lo'8 

-0-34 

Til* 

9 Arg 


~00l 

4-7 

0-19 

ir 



-001 

5-3 

010 

11 

Y Vir 


0-07 

3-4 

0-05 

HI 



0-07 

3-4 

0-05 

Hf 

; U Ma 


017 

1-2 

0 -n 

T 



0*17 

1-2 

0-41 

i 

a Cea 


-0-04 

4-6 

001 

1 



-004 

5-8 

-001 

1 

1 Boo 


-oa> 

o‘5 

-0*07 

II 


-014 

7-3 

-012 

11 

p no 


-0-14 

6*5 

-0-21 

Ji 


-0-14 

8-5 

-0*34 

H 

20 Dia 


-001 

4 4 

-0*01 

HI 



-001 

9-1 

-006 

HI 

09 Her 


0 03 

3-7 

0-32 

HI 



003 

8-2 

-0*04 

HI 

/3 048 


000 

41 

0-22 

HI 


0-00 

7-5 

-004 

III 

6 Eqii 


004 

4-2 

016 

III 



0-04 

4*3 

0-14 

Hi 

Kr 60 AB ... 


-0-33 

9*6 

-0*66 

II 



-0-33 

10-9 

-0*77 

II 

8o Peg 


0-00 

5-5 

-0*21 

II 



0-00 

10-7 

-0*70 

II 

ADS 520 ... 


-0-06 

5*4 

-0*21 

III 



-0 06 

ry? 

-0*21 

III 

Boss 376/77 


-oa'j 

6*8 

Oil 

III 



-005 

6-8 

Oil 

HI 
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TABLE 2— ‘Continued. 
MASSES OP VISUAL BINARIES. 


Niimo 

log T 

B 

log M 

Class 

ADS 75J81 

-0*11 

0-.5 

-0‘2l 

111 


-Oil 

6-8 

-0*21 

111 

ADS 8H0I 

0(U 

4-0 

0-08 

III 


iH)4 

40 

0-08 

Til 

ADS s«);« 

-017 

C‘2 

0-17 

111 


-017 

6-6 

0-17 

nr 

ADS 5)710 

-on 

.5-4 

-000 

m 


-Oil 

5-7 

-0-00 

111 

ADS 1007.i 

000 

6*. 5 

0-20 

ITT 


00.0 

6-5 

-0-20 

111 

ADS lo-ins 

-0 0.5 

4-4 

0-35 

III 


-0-0.5 

4-7 

0-3.5 

ill 

« H«'r BC ... 

- 0*31 

K-(i 

-0-3.5 

11 


0-31 

dl 

-0-3.5 

11 


Jn the ab()V(i table, tlio temperature of the suii was taken 
as unity. TIu' tw’o objc'cts marked with an asterisk are white 
dwarfs and have been placed in Class III. 

4. The material of the above table was subjected to cor- 
ridation analysis. 

For the material of the ('Lass F a separate anal\^is was 
made, heading to the results given in Table 

TABLE 3. 


(U)RBELATIONS— FIUST-CLASS DETEHM INATIONS. 



(Coefficient of 

Probable 

N'iiriiiblcs. 

Correlation. 

Error. 

“b, JokT 

-0-61 

0-2 

B, loK M 

-0-5)8 

0-02 

log Al, log T 


0-25 


The only certainly significant relationship is that between 
B and log ^1. The regression line for this relationship is given by 

log M = - o n B + 0-55 .... (4) 


o. In discussing the correlations for the entii’c inatiaial, 
relative weights were attached as follows: — 

Class [ ... ... llelative wcdghf I 

Class II Eelativc weight .1 

Class Iir ’ ... ... llelative weight J 

In addition, the two white d wharfs marked * in Table 2 were 
left out of the discussion. The chief statistical data are given 
in Table 4, and the correlation co-efficients with their probable 
errors in Table 5. 
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TABLK 4. 


Vari.ahle. 

^ieaii. 

Standard 

Deviation. 

Weight. 

B 

5*148 

3-m 

23*5 

log T 

-004<) 

0144 

— 

log Jl 

00064 

o;u5 

— 

TABLE 5. 

Variables 


Coefficient of 
C^orrelatioii. 

Probable 

Error. 

B, log T 


-0-66 

010 

B, loR y\ 


-OOl 

005 

log ^I, log T 


0-77 

0*08 


There exist, therefore, marked correlations between all three 
variable's, and it is advisable to coin])ute the coefficients of 
partial correlation in order to separate out the effect of one 
correlation on another. In the standard notation if ^11^^ repre- 
sents the coefficient of ])artial correlation of \ on y with the 
^ariabl<‘ z lield constant, we have 

^ l^XK ‘ h>< 

~ v^[(l - (1 - 

Vsin^ this formula, we find 

B tog M, log T = (l-.M 

and 

log T log M, B = - 

It the)'efore follows that tlu' mass is correlated definitely with 
luminosity and with temperature when the other of these 
variables is held constant. 

TJie coeffi(*ient of multiple correlation for loo on T3 and 
lo^r 'r toj’i'tlu'r is found by the usual nu'thods to lx* 

® log M {B, log T) =r- 0-94 ± 0 04 
which (loos not differ sigiiiticmitly from tin* simple coefficient 
of corrclatbn <if log M on J3, miinely 0-91. I[ence on the present 
evidence it would iippeiir tlmt in general the accuracy obtained 
from the shnjile formula (2) is not significantly less than that 
obtained by the use, of the more complicated relation (1). That 
is, a niasR-luminosity relation gives results as good as a relation 
connecting mass, hiininosity and temi)eralure. 

The equation of the “ lino of best lit ” (Blcksley, 1942 (2) ) 
is found for the mass-huninosity relation to ho 

log M = _ O-lOf) 11 + O-fl.) .... (5) 
which agrees very closely with the regression line (4) 
found for the first-elass determinations and with tlie general 
equation (.*5). 
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6. From the foregoing it follows that the mass of a star 
cun be determined from a knowledge of its sj)eetral type alone, 
if no other information is available, by assuming that the star 
belongs to the main sequence. From the Hiissell-Flertzsprung 
diagram it is possible to determine the most j)robable bolor»ietric 
absolute magnitude of the star, and hence its mass from the 
mass-luniiiio.sily equation (3). Owing to the small coefficient 
of H in tins relation, the mass is accurately dc'termined even 
if the star does not lie exactly on the mean line of the main 
sequence. 
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AN i:iiKCTKOSTATlC GENERATOR FOR ONE MILLION 

VOLTS 

BY 

Dr. A. E. H. Bleksley, 

VHicerifify of the Witwafersrand, Johanncnhurg, 

Head L\Sth June. WHJ. 


1. For the generation of high-energy partieles for use in 
nuclear disintegnition there are to-day two major tools — the 
cyclotron and the electrostatic generator of the type developed 
by Van de Graaff. For general usefulness in nuclear physics 
there is no doubt that the former is the inoi-e valuable, but 
it possesses certain disadvantages, not the least of which is 
its comparatively high cost. With a certain ])rogi*amnie of 
research in nuclear physics in view, it was therefore decided 
that the available funds would not allow of any equipment more 
ambitious tlian a Van do Graaff generator to give potentials 
of the order of one million volts. Since, largely on account 
of the diflficultios of obtaining equipment at tlio present time, 
the design adoijted has some unusual features, this descripiion 
of our instrument is given. 

2. The normal breakdown gradient in air is given as about 
30 kv. per cm. In humid air the value is in general considerably 
less. Assuming a hreakdow'ii gradient of onc-lialf of this value, 
a sphere of 7/) cms. radius wdll stand a potential of oik* million 
volts without breakdown of the air. Hence it was decided that 
a sphere of this size would be adequate for the purpose, while 
anything larger w’ould prove difficult lo house. 

Two hemisplieres 5 feet in diameter w’^ere accordingly made 
by rolling sheet iron cut to the correct shai)e and spot welding 
the sheets together on the inside. The outside surface was very 
carefully polished in order to eliminate roughness and irregu- 
larities wliich would tend to cause breakdown at a lower voltage. 

The lower homis])here has a hole 2 feet in diameter cut 
concentric witli the axis of symmetry, the edges of this hole 
being rolled over into a curve of several inches radius of 
curvature. The two hemis])heres are mounted together by means 
of countersunk sciws, and the charging belt enters the terminal 
so formed through the hole in the lower hemisphere. 

It is at this point that breakdown normally takes place, 
the potential field being most intense at the edge of the hole 
and giving rise to sparks to the belt. In order to overcome this 
difficulty, and to distribute the potential between terminal and 
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earth in as even a manner as possible, it was decided to use 
a system of circular grading rings placed parallel to one another 
so as to enclose the charging belt. The rings are carried oil 
three pillars built of a series of porcelain “ stand-off insulators 
screwed together, which serve as the siip))ort for the high-voltage 
terminal. The potential distribution along this column of rings 
is maintained by corona from points on each ring to the next 
positive ring, in accordance with the recommendations of 
Van Atta and Nowak (Van Alta and Nowak, 1941). 

For current stability- — that is, in order that corona current 
should be independent of voltage over a fairly wide range of 
the latter — tliese authors have shown that it is necessary that 
corona should take place from negative ])oints and that the gaps 
should be large. Over ’the greater portion of the column the 
gaps were chosen to be about 2 inches, tho diameter of the rings 
being about ^ inch. Near the top of the column, i.e. approacli- 
ing the hole in the sphere, where it is important that the held 
ho removed as completely as ])ossible from the region of tho 
liole, the rings are more closely spaced, being a littl(‘ over I inch 
apart. 

Three sharp jioints project from each ring toward the next 
ring on the positive side, i.e. upwards in most applications of 
the generator, and provide at a terminal ])otential of one million 
volts a corona eurreiit which, from Van Atta and Nowak, will 
be in the neigldxairhood of one hundred microamperes. 

The total height of the insulating columns as at present 
available is about 54 inches. Tho total number of corona rings 
is about 150, aud tlio calculated breakdowu voltage of the column 
is about 1,100 kilovolts. The height of tlu* column is at present 
determined at tliis low value by the comparatively low wall-height 
of the laboratory in which the instrument has been set up. 
If a room with some feet more lieadroom were available, it 
would be possible to increase the length of the supporting 
eoliimn and so increase the maximum attainable voltage. 

The insulators used for the supporting columns were 
ordinary porcidain cylindrical insulators, corrugated on the out- 
side*, with a breakdown strength of about 25 kv./inch. 

3. Charging Belt System. — ^In most generators the charging 
is done by one or more endless belts passing over two parallel 
pulleys, one mounted in the sphere, the other at ground level. 
These belts are sprayed with positive charge by means of corona 
discharge at the low’cr pulley, and carry this positive charge into 
the upper terminal, where by a Faraday cage principle the charge 
is drawn off to the outside of the sphere. 

By insulating the upper pulley so that it can become charged 
to a potential of several thousand volts relative to the sphere, 
it is possible to spray charge of the opposite sign on to the moving 
belt after its original charge has been drawn off, so that the 
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belt carries, say, ])Ositi\e charge up ami negative charge down. 
Tile charging rate is eorres])ondinglv increased. 

Tlic uinount of charge that can be sprayed on to the belt 
is determined by the breakdown of the air in its neighbourhood. 
Normal breakdown potential for air is reached with a charge 
of 2*7 X lO”"* coulombs per sq. cm. A belt of width 20 inches 
made* of rubber sheeting such as is used in hosj)itals w’ith thc‘ 
join vulcaiii.sed is driven on two parallel pullers of din. diameter 
running at about Jl,600 revolutions per minute. Such a belt, 
carrying away negaii\e charge from the sphere as w^ell as 
positive charge to it, will j)rovidc a maximum charging current 
of about 500 microampere's. In practice it is doubtful wdiether, 
in view of tlu' gem*ral experience with charging belts, more than 
about 00 ])er cent, of this current w'ill be obtained. For the 
investigation in view this should, how^ever, prove to he a suffi- 
ciently large eurrent, sin(*e in nucloar investigations it is rare 
that ion cur^mts amounting fo as much as 1(K) microamps, are 
used. 

The upper collector consists of a pulley insulated from the 
splieie by means of rubber cushions, which pro\ide a certain 
amount of insulation from inechanical vibration as well. Just 
below' the point of tangeiicy of the rising belt, a brass rod fitted 
wdtii grainopboiio needles about ^ incli apart and slightly less 
than i inch long, electrically attached to the pulley, draws by 
corona the charge from the ascending belt and charges the ])ulle3" 
to a potential of some thousands of volts. A further row of 
corona ])oints uisulated from the pulley l)ut comu'cted to the 
sphere is placed just abo\e the pulley. This collects positive 
charge and charges the belt negatively. It is at present doubtful 
W'hetlier the upward and downward cm rents are very well 
equalised. 

The positive cliarge is sprayed on to the b(‘lt by moans 
of a row of corona points o])posit(* the lower pull(*y, the potential 
being s(ippli('d at present by an X-ray transformer and rectifier 
of unnecessary capacity, which is, however, being used for want 
of a more suitable source of low-current high-potential sucli ns 
is needed for the purpose. It is foinul that the R])here becomes 
cliargcd by a ])rocess of self-('Xcitation if the belt is driven 
without any spray i)otential, but this phenomenon appears to 
be very erratic, and is certainly not sufficiently reliable to render 
the transformer-rectifier unnecessary. 

4. On nccoimt of the small clearance of about .*10 inches 
between the top of the 8])here and the ceiling of the laboratory 
in whicli the generator w^as erected, and of the danger of sparking 
from th(' terminal to the ceiling, no attempt has yet been made 
to determine the maximum available potential. Tt is tliought 
that with adequate shielding voltages up to about half a million 
should bo obtainable without spark-over. Tt is, however, hoped 
that a laboratory with more head-room will become available, 
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ill which rase the maximum voltage will be correspondingly 
raised. At \arious stages of the erection of the apparatus 
alterations have suggested themselves, and these changes will be 
introduced before the instrument is finally set up. 

Tn the first instance, it is intended that the* instrument be 
used to accelerate pi’otons in order to bombard the lighter 
elements and to determine cross-sections for various energies 
of the bombarding particles. This information is of very con- 
siderable astrophysical importance on account of the likelihood 
that these i-eactions are resi)onsible for the generation of stellar 
energy. 

In S})ite of the war, the cost of the generator itself, apart 
from such accessories as vacuum pumps, discharge tube, ion 
source and the like has proved to be extremely low. It would 
seem that for many other fields of investigation an electrostatic 
generator of this type should prove to be an inexpensive and 
(‘xtreniely convenient source of high })otential. 

The generator could not have been built without the assist- 
ance willingly given by many people. For help in designing and 
building the instrument I am particularly indebted to ]\lr. A. 
(roldsmith and Mr. (\ Buckland, of the ITniversity of the Wit- 
watersrand; to Mr, F. Hughes, of Messrs. B. Owen Jones & (’o. ; 
and to Mr. If. Oreenish, of Greenish Sa Basterfield. 1 would 
also w'ish to ex])ress my gratitude to the National Kesearch 
Gouncil and Jloard for a research grant which made the project 
possible. 

Summary. 

An eli'ctrostatic generator of tlie Van dc GraaiT t,\po with 
some unusual features is described. The high voltage terminal 
is a spheie of diameter 5 feet, moulded on j)orcelain stand-off 
insulators. The cliargiiig belt has a width of 20 inches and 
moves at 3, 600 feet ])er minute, pi'oviding a charging current 
of aboul one-half milliainpere. The held is distributed about the 
insulating column and the charging bell by means of a system 
of grading rings, whicli iirevent discharge from the sjiherc to 
tlie belt. The maximum attainable potential in the present 
position is about one-half megavolt, the ])otential being limited 
l)y the low ceiling. In a room wn’lh some feet more w^all-height 
a voltage of o\er a million volts should be reached. 

The instrument is to be used in the first instance for nuclear 
bombardment with protons. Jt is intended to investigate par- 
ticularly the cross-sections for various ])roton reactions with tlie 
lighter (‘lemeiits as functions of energy of the bombarding 
particles, woth special reference to the problem of the generation 
of stellar energy. 
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All the fireclays in the Trausxaal are Upfier Dwyka to Ecea 
in ajie and occur in one of the following jiositions : — 

(a) In shallow basins and drainage systems on tlie Dolomite 

Series or on the Witwatersrand S\si(‘in. 

(b) In bink-hch^s in the Dolomite, these being of two sub- 

types — 

1. Hard non-plastic dint chi,>s. 

'2. (Mioeolate-colourod senii-vefraetory and refractory 
liroclays high in colloid content. 

In this paper tlu* origin of occurrence (a) only is discussed, 
as man\ as])e(*ts of these de])()sits are not cli*ar and the simplest 
ca^'t* muht be (‘onsklered first. Another important point is that, 
other than in the exploited deposits, (*xposures are so poor that 
litth* can be seen, though, as tlie cla;y-fa(*es advance, new 
features are disclosed. The field-work from which these 
deduct ifins are made was done in 1038 and 1939. 

Fjrkilws Occurrin(j in SiivLLow Basins and Ancient 
Drainaof. Areas. 

Tlie best exposed deposits, A\hieh have almost become* 
classical, are expos(*d just east of lioksburg, mainly on the farm 
Kliptontein. Any clear picture of their genesis is rendered 
difficult by the following anoinali(*s : 

1. The presence beneath and close to the clays — often as 
little as a few indies, but more often not more than a few feet 
away — ot the Dwyka conglomerate, grits, sandstones and arkoscs, 
indicating a fairly high current velocity, some of tliose materials 
having obviously been^ dropped from melting ice. 

2. The fine grain of tlie fireclay, indicating settlement in 
calm, shallow water, or either turbulent or calm deep water, 

3. The absence of ripple marking and the fact that the 
assoidated grits and conglomerate are so badly sorted, implying 
glacial depnsiton and shallow strearn-How in the summer months. 
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The highly angular character of the sand grains indicciti‘s a near 
source of the parent rock. 

For details reference should be made to an earlier paper 
(Bosazza, 1941) on the clays of the Witwatersrand area (“)(*’). 
How can all these factors be reconciled? About four to five 
years ago 1 discussed the problem with Dr. A. L. dii Toit. He 
suggested that I study the geology of Northern Bussia. Becently 
I read P. P. Shirshov’s chapter “ Living Creatures of the Polar 
Seas in “ The Voyage of the Chelyuskin *’ (*) and this sheds 
much light on conditions below the ice fioes as well as on the 
vegetable and animal life in those seas. I have also been able 
to make some observations on the coagulation of the colloidal 
matter in Nile water and its deposition in Lake Timsuh, and it 
appears that at depths of ten to twenty metres and even less, 
such fine grained matter can deposit quite easily if the water 
is saline. If it is not saline, wave action and thermal currents 
can keep the fine grained matter, say from 50 microns downwards, 
in suspension. As theorising might seem pfemature, in view of 
the small amount of data available on recent deposition, this 
])ap(ir is written mainly to stimulate interest and criticism. As 
Prof. B. B. Young used to say, “ sedimentary rocks have such 
a ‘ human ' tale to tell,” that he could not understand the great 
interest taken in this country in igneous rocks. It is a fact 
that, with the exception of general regional geology and the work 
of Df. Young, there has been little researcli on sediments in 
South Africa. 



AND ARKOSES. 

FIG.I . 

In iMg. 1 a section in the quarry of the Union Fireclay 
Coy. is shown. The ‘‘ telescoping ” of the parent rock of the 
fireclays (the leached Witwatersrand Shales), the Dw’yka con- 
glomerate and the fireclays will be noted; also the small total 
thi(*kne^s of strata, although subsequent deiuidation may have 
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some material. That does not affect the close 
relationship ot the nnderlying rocks. 

Now the ice flow preceding the deposition of the Karroo 
strata was generally southwards, and shallow-water conditions in 
deltas or lagoons, somewhat similar to the Nile delta and lagoons 
along the Western Desert may he assumed. The conditions are 
analogous in the northern j)lains of the coastal region of Kussia. 
The presence of ice floes and floating blo(*ks, broken from glaciers, 
reduces wave action, the quiet shallow water below the ice being 
cornpurablo to much deeper water where exposed to wind action. 
It U not very difficult to see how colloids carried down by water 
flowing under the glaciers or by rivers in summer would deposit 
in contact with salt water. The origin of the highly aluminous 
colloids can be ascribed to the leacliing of the Witwatersrand 
shales as well as of the granite to the north of these deposits. 
A similar mechanism has been described by Frankel and Kent 
in their paper on the (Irahamstown surface quartzites, wdiere 
white clays have been formed under intense leaching. Much 
research remains to be done on the exact process, but this 
does not affect the general argument. It is more a matter of 
the physico-chemical composition of tlie colloidal system during 
deposition, that is to say its dispersion and its coagulation. 

The boulders of the Dwyka conglomerate could have been 
trans])orted eiitirel\ b\ i(*e action. Dr. dii Toit ])ointod out 
scNcral undoubted cases of this. The arkos(‘s, however, with their 
content of kaolin must have been deposited simultaneously in 
w^ater from some stream. It is difficult to \isiiali8e how else 
the gritty and semi-colloidal and colloidal particles could have 
become associated. 

Following on the formation of the Dw.^ka and the coarse 
sand rocks, colloidal deposition predominated and the climate 
gradually became warmer until the formation of coal in shallow 
lagoons and marshes took place. Although 1 liave not fixed the 
exact position of the coal horizon, owing to poor exposures, it 
is not more than tw^o hundred feet above this and certainly 
inucli less in most places in this neighbourhood. 

The organic matter (■*) in the fircfdays can he ascribed to 
])lanktonic remains deposited on the shallow bottom. Shirshov’s 
quantitative wwk is interesting. He estimates that at the 
present time in Polar Seas, photosynthesis can take place to a 
de])th of tw'enty metres. From my laboratory work on the 
coagulation curves of fireclays (*), it appears to be reasonable to 
assume this figure for the deepest water during their deposition. 
My obsei'vations on coagulation in the Nile waters, wliere the 
Ismailiah Sweet Wato Canal enters the highly saline waters of 
Lake Timsah, also tend to show* that such material can be 
deposited in very shallow water. From his numerous measure- 
ments, Sliirshov tentatively submitted that during the summer 
one hectare of the Polar sea could produce from 2 to 2*7 metric 
tons of dry organic* matter. Now' the amount of organic matter 
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iu these fireclays rarely exceeds a few per cent, and ib usually 
very much less, so that I can see no difficulty in accounting 
for its origin in this way. An important point is that no 
recognisable remains of animal or vegetable life can be seen in 
the many sections cut. The whole mass appears to be a 
macerated brown waxy translucent material dispersed evenly 
throughout the clay, and probably adsorbed in the clay 
colloid (^). 

The shallow estuarine or inshore conditions gaNc \\ay to 
sub-tropical and eventually Wopical marshes, and led to the 
forming of coal, as found to the south of the ]Main Reef Road, 
Unfortunately the old colliery cannot now be entered so that the 
passage into the coal cannot w’ell be traced. 

Summary 

It is suggested that the fireclays at Jloksbui’g Ea^t were 
deposited under arctic (*onditions in shallow marshes and close 
inshore in a shallow sea. The depth of water did not exceed 
about sixty feet and on the average was probably inucli less. 
The various anomalies are then less inconsistent. The removal 
of tlie salt from the clays took place before and during the 
formation of coal, the sea bottom having meanwhile risen 
somewhat l)oth by de])osition and possibly by a gent*ral u])W’ard 
movement of the land. 


EKKERENCES. 

(') “ The Voyage of the VhelyiiHlin^'^ hy Members of the Kvpedition. 
Chatto and Windus (1935). 

(“) Rohazza, V. L. : The Clays of the Witwatorsrand Arc>a and 

F]nvirons.” Memoir No. 2. Minerals Research Laboratory, 
University of tlie Witwatersraiid (1941). 

(®) Rosazza, V. L. : “The Omirrenco of Waxlike substances in Fire- 
clays.’ c, 144 : 8:35 (1939). 

(0 Rusazza, V. L. : “The (^oagnlation Curves of some Fireclays.” 
Traiis.Brii .(leram.Sov,, 39 : 37-40 (1910). 



113 


SOLTII AfRICW JolRXXL OF SCIENCE, VoL Xfjy /)/). 113-12ii 
November^ 1943. 

CYTOLO(ilCAL STUDIES IN GENERA OF THE 
PROTEACEAE 

BY 

Mikiam P. de Vos, 

VniiHrsify of SfeUenboscJi. 

With So Tcxt-figuica. 

Read 28ili Jiinc^ 191S, 

The only cytoloj'ical investigatioub which have hitherto l)(*i‘ii 
made iu the Proteaceae were carried out by Ballautinc (19(M)) in 
Protra Icpidocarpon, and by Brough (1933) and Kausik (1938) in 
the Australian species Grcmllea lobmiu. The present iiiv(*stig.i- 
tion was therefore undertaken to doiermine the ehroniosonu* 
inorpliology in the genera and species of tlic South African branch 
of the family, and to establish whether easily recognizable 
differences exist in the chromosome complements of these plants. 

Material and Teciiniqx^e. 

Tlic material lor this iiwestigation was procured from the 
vicinity of Stellenbosch and from Kirstenbosch. Pollen-mothcr- 
cells wTre used for studying the meiotic divisions. Young inffor- 
<*scences wwo ])icked and were brought to the ]aborator> 
immediately, wdiere the anthers were examined by the aceto- 
earmine method described by Heitz (1926). When a fiow^er was 
found w’ith p.ni. cells undergoing reduction division, the rest of 
its anthers were fixed. Carnoy’s fixative did not gi\e good 
results. Flemming’s strong solution was better, and the 2BE 
fixative (La CJour, 1931) gave tlic best results, especially when a 
higher piTctmtage of acetic acid was added. This fixative was 
used tliroughout the investigation. The solutions of Nax ashin and 
of Bouin proved unsatisfactory for the p.m. cells. 

Sections of anthers, 15 \i thick, were stained with Heiden- 
hain’s iron-alum haematoxylin. Differentiation was carried out 
by means of a 4 per cent, irgn-alum solution, and later by a 
saturated picric acid solution (La Cour, 1937). The latter was 
found to be excellent, as the cytoplasm was rendered more 
transparent and the chromosomes therefore more distinct. 

Gentian violet as a chromosome stain (La Cour, 1931, 1937) 
proved unsatisfactory, •because a clear differentiation belween 
cytoplasm and chromosome could not be obtained. The cyto- 
plasm retained a large amount of the stain, and this happened 
when using gentian violet made by Grubler, Merck and the 
B.D.H. Different methods of applying the stain were tried, 
c.g. gentian violet with iodine (La Cour, 1931), the metliod of 
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l)recipitating the stain in the chromosomes by means of a 
saturated picric acid solution (La Cour, 1937), and the Gram 
method of dissolving the gentian violet in aniline water (Chamber- 
lain, 1932). But none of these gave good results. 

Smear preparations of p.in. cells failed, because the cells 
were very dry and did not adhere to the slides long enough to 
allow the use of haematoxylin as a stain. No improvement was 
noticed when using Mayer’s albumen adhesive. 

Boot tips obtained from seedlings were used for investigat- 
ing mitotic divisions. They were fixed in 2BE, Navashin's fluid 
or Flemming’s strong fluid, all of wliich gave good results. 
Gentian violet with iodine and iron-alum haematoxylin were both 
satisfactory. When fruits were unobtainable or when no germi- 
nation took place, mitotic divisions were studied in growing points 
of stems and in s<jme cases in young growing ovules. 

The figures were drawn with the aid of a Lcitz Panpliot, 
gi\ing a magnification of 2,000. 

I XVK.STIO \TIO\ ^FkIOSIS. 

Ihotea. — Iteduction division \^as studied in the ]).ni. cells 
of the following species: — 

r. lanrcolaia, E. Mey. (Figs. 1, 2). 

P. ohiuHifolia, Buek. (Fig. 3). 

P. sc6l\ivu)c€pha\a, Eeich. 

P. vcriifolia, E. Br. (Fig. 4). 

P. harhigera, Meisn. 

P. vieUiferOt Thunb. (Fig. 5). 

P. gramliccpR^ Trait. (Figs. G, 7). 

V. grancii flora y Thunb. (Figs. 8, 9). 

The haploid chromosome number in these species was found 
to he 12. in the first meiotic division 12 pairs of chromosomes 
occur on the metaphase plates. They are small, nearly circular 
in outline and uniform in size. When the disjunction of the 
chromosomes begins to take place, some of the pairs sliow a 
constriction in the centre, this being most evident in preparations 
stained ^^ilh aceto-carininc. 

In diakinetic stages the contracted chromosomes are arranged 
in pairs, the nucleolus and nuclear membrane still being visiWe. 
In F. grandicepn (Fig. 6) some of the paired chromosomes show 
terininalizfition of chiasmaia, the members of the pair then being 
associated at their ends only. In the anaphase some chromo- 
somes pass to the poles slightly in advance of others (Fig. 2), 
but lagging chromosomes were not seen. Interphase is a resting 
stage, the nuclei possessing distinct nuclear membranes. 

The second division metapliases invariably showed 12 single 
chromosomes on the equatorial plates, smaller in size than the 
bivalent chromosomes in the first division. The spindles in the 
second division are usually arranged at right angles to each other. 

A few eases were seen W’here the two spindles were approxi- 
mately parallel (Fig. 9). 
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Leueosperiuuni. — The following species were examined: — 
L. conocarpum^ R. Br. (Figs. 10, 12). 

L. attenuatum, E. Br. (No permanent mounts). 

L. nutans, R. Br. (Fig. 11). 

L. reflexum, Buek. 

The haploid chromosomo number is 12, the chromosomes 
being, like those in the species of Protea, uniform in size and 
shape. On the other hand, the p.m. cells undergoing rcduclion 
division arc larger than those of the species of Protca. 

In L. conocarpum early prophasic stages were found with the 
uncontracted chromosomes arranged in pairs. Later the mem- 
bers of a pair twist round each other and contract. Twelve 
bivalents were seen in tlie metaphase of the first division and 
12 single chromosomes on the metaphase plates of the second 
division, these chromosomes being circular or slightly oval in 
outline. The interphase is long, a nuclear membrane and 
nucleoli being differentiated. In the anaphase some chromo- 
somes travel to the poles slightly in advance of the others. 

In L. conocarpum a slight irregularity in the reduction divi- 
sion sometimes takes place, because three young pollen grains 
instead of four are present in some old ]).in. C(‘lls 

Mimetes. — Tn M. lijrUjcra Knight (Fig. 21) the haploid chro- 
mosome number is 12. The chromosomes are slightly more oval 
in outline than those in species of Protca and Lenrospermum . 
They are uniform in size and very small 

Paranomus. — P. spicatus O. Kze. (Fig. 19) has 12 chromo- 
somes on the second division metaphase plates, this being the 
haj)loid number for the species. The chromosomes are slightly 
smaller than those in species of Protca and Leucospermum , 

Serruria. — Tn *S. artemiHiaefoJia Tvnight (Fig. 20) the haploid 
cliromosome number is 12, the chromosomes b(*ing small, nearly 
circular in outline and uniform in size and shape. 

Aulav. — A. pinifolia Berg. (Figs. 18, 14). 

.1. enrorifolia Tonight. (Figs. 16, 16). 

A. ])aJlaHia Stapf. (Figs. 17, 18). 

These species j)osscss 11 chromosomes in the haploid genera- 
tion of th(' male plants. Reduction division in female plants was 
not investigated. The 11 bivalent chromosomes on the first 
metaphase plates and 11 single chromosomes on the second 
equatorial plates are small and slightly oval in outline. The two 
spindles in the second division are usually approximately 
parallel to each other. Tn A. pinifolia terminalization of chias- 
mata takes place in some chromosomes in diakinesis (Fig. 18). 

Brabeium. — Tn 71. sfeUati folium, Linn. (Fig. 22) the inves- 
tigation was carried out by means of temporary aceto-carmine 
smears. The haploid chromosome number was found to he* 14, 
as seen in the metaphascs of the first and second reduction 
divisions. Tlie chromosomes are small and differ slightly in size. 
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Mitosis. 

The investigation of somatic cell divisions showed the follow- 
ing results: — 


Species. 

Hegion of cell 
division. 

Chotno- 
some num- 
bers (2n). 

Figs. 

Protea marginata 

Hoot tip 

24 

24 

P. cynaroides 

,, ,, ... 

24 

26, 27 

P. lanceolata 

,, ,, ... 

24 

25 

P, giandi flora 

,, ,, ... 

24 

28 

P. ohiusifolia 

,, ,, ... 

24 

23 

P. ri) ell if era 

Tiitoguiiionts and inicid- 
luH of ovale 

24 

29 

Leucospermum conocar pu m 

Growing points of stoin 

21 

30 

Leu cadendro n pi u m os u rn 

Hoot tip 

26 

31 

L, argenteum 

,, ,, ... 

24-28? 

— 

Aulax pinifolia 

,, ,, ... 

22 

32 

llraheium stellati folium .. 

Hoot tip and growing 
point of stem 

28 

33 


Meiaphase stages show that the chromosomes are rod- 
shaped, some being straight, others bent. In several dividing 
cells of a plant different numbers of chromosomes were found to 
be bent, sometimes ns many ns 18. This indicates that these 
chromosomes may possess median or nearly median centronua’cs. 
The position of the centromere in the straight chromosomes could 
not be determined. In prophasic stages of Lcncadcudron 
ylumosum median and submodian centromeres, each indicated 
by a small unstained space, were also seen in some of the 
cliromosonies. Anaphase stages in Proica cjpiaroidcs slioncd 
that some chromosomes possessed median or siibmedian centro- 
meres, while a few were found probably having terminal or 
subterminal centromeres (Fig. 26). Some chromosomes in this 
figure, however, may have been cut by the microtome knife. 

While no interspecific differences could be seen in the chromo- 
some complements of different species of one genus, slight 
intergeneric differences were observed. The cliromosonies of 
Leucadendron jdvvwsvm and of Aulax pinifolia are smaller than 
those of species of Proiea, and most of them are straiglit. They 
are not uniform in size, a few larger and one or two smaller one's 
being usually present. 

In Leucadendron argenteum it was impossible to determine 
the exact number of chromosomes on the metaphase plates. The 
number probably lies between 24 and 28, 26 and 28 chromosomes 
occurring most frequently. These chromosomes are of different 
sizes. 

In Protea layiceolata (Fig 25), P. grandiflora (Fig. 28), and 
P. cynaroidea a small extra fragment occurs at tlie end of one 
of the chromosomes in some of the dividing cells of the root tip. 
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Whether it was attached to a chromosome, could not be deter- 
mined. Such a fragment might have been caused by the 
microtome knife passing twice throiigli the middle of a chromo- 
some. On the other hand it may be present in all the cells, 
being attached to one of the chromosomes in such a way that 
it could not be identified. 

PosT-MEioTic Mitosis. 

After the reduction division the young pollen giains are set 
free from the old p.m.c. wall and rest for a while. When the 
next mitotic division takes place the walla of the young pollen 
grains arc already in such a condition that fixatives cannot 
penetrate easih . They become too dct^ply stained witli gentian 
violet and with haenmtoxylin. Good permanent mounts could 
therefore not be pi’cpared, and only aceto-carmine preparations 
were examined. The iiietaphase chromosomes arc usually 
situated in the centre of the pollen grain. Tn Brabeium ntcUafi- 
folium 14 chroinosoines were observed (Fig. 34), and 12 were 
seen in Protca lanceolata (Fig. 35). They are rod-shaped like 
the somatic chromosomes, and vaiy slightly in size. Some are 
straight, others, (‘specially those situaled at the edges of the 
equatorial plates, arc bent, being TT- or V-shaped. Tn these the 
centromere is median or submedian. The number of bent 
(jliromosomes vary in different pollen grains: in Braheiutu niclla- 
fifolium as many as nine bent chromosomes sometimes occur, and 
in some grains of Proica lanceolata 11 out of the 12 chromosomes 
may be bent. 

JlrscnssiON. 

The basic chromosome number for the South African genera 
of Proteaceae probably is 12. The species of Protca, Levcosper- 
vium^ Serruria, Mimeies and Paranomns whicli were investi- 
gated, show this liaploid chromosome number. Ballantine found 
that Protca Icpidocarpon also had 12 chromosomes in the haploid 
generation. The other genera studied have slightly divergent 
numbers: in tlirce species of Aulax (male plants^, n 11; 
I. euc ad on (Iron plumoMum has 2n 20; and Brabeium, a monotypic 
genus more nearly related to some Australian Proteaceae, has 
n = 14. Tins, howe\er, shows no similarity to the Australian 
species studied by Brough (1933) and by itausik (1938). They 
found Orevillea robusta to possess 10 chromosomes in the haploid 
generation. 

Aneuploid relations tlierefore exist between some genera, 
and tlie family corresponds to the Antirrhinum type (Tischlor, 
1928) or to the descending and ascending types (Wanscher, 1934). 
According to the latter these types usually show intergeneric 
relationships, rarely inter^ecific or intraspecific. This has also 
been found to be true in the present investigation: identical 
chromosome numbers occur within the genus (cf. Protea, Leuco- 
spermum and Aulax). Interspecific differences must therefore 
be brought about solely by differences in the structure of the 
chromosomes. 
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No polyploid species or genera were found among the plants 
studied, and it is probable that polyploidy does not occur in the 
South African genera of the family, as greatly divergent types, 
ranging from very small shrubs to large trees were examined. 
Even Proica cynaroidcH which might be expected to bo a poly- 
ploid, has only 24 chromosomes for its diploid number. 

On account of the very small size of the chromosomes, their 
structure and morphology could not be determined. In the 
inetaphases of the reduction division all the chromosomes in the 
complement are uniform or nearly uniform in size and shape, 
but in the late diakinesis slight differences between individual 
chromosomes occur, some pairs being joined at one or both ends 
(V- or 0-shaped) and some in the centre (X-sliaped). This shows 
that terminalization of chiasmata has taken place in the former 
cases, while no terminalization has occurred in the latter case 
(Darlingtoji, 1937). In the anaphase of the first meiotic division 
the separation of the chromosomes does not start simultaneously 
and some chromosomes are observed to be slightly in advance of 
the others. This may be accounted for by the fact that terminali- 
zation has taken place in some cliromosomes. They would begin 
to separate before the others (Darlington, 1937). ('liromosomes 
definitely lagging on the equatorial plates, however, have not been 
found ill any of the species studied. 

The somatic cliromosonu^s seen in the mitoses arc rod-shaped, 
and differ slightly in size and shape from one another. Some are 
apparently longer than others of the same complement, but this 
difference is too slight to allow one to recognize individual 
(shroinosomes. Usually a number of chromosomes in a cell are 
bent, and in these the centromere is probably median or sub- 
median. Other chromosomea arc straight, and here the position 
of the centroinere is not evident. Probably a few chromosomes 
possess terminal or subterminal centromeres (Fig. 26). 

In the inetaphases jind the interphases of the first and 
second reduction divisions a densely granular zone is seen in the 
eytoplasm surrounding the chromosomes. Such a zone has also 
been recorded by C3astelter (lt)26), Cooper (1935) and Stokes 
(lt/38). The latter only mentions that the cytoplasm surround- 
ing tlie spindle contains many granules, but Castettcr suggests 
ihat this band of densely granular material is doubtless a product 
r)f disintegration of the spindle. Tn all these investigations, 
including the present, anthers were sectioned and then stained 
with liaeiuatoxylin. These granules may possibly be chondrio- 
soines present in the cytoplasm. 

Tlie presence of sex chromosomes was not observed in the 
meiosis of the male plants of the species of Aulax investigated. 
In the second reduction division both mclaphase plates of a cell 
possess 11 chromosomes. This definitely excludes the possibility 
of an XO type of sex chromosome existing. Sox chromosomes 
of the XY type may however be present, the X and Y chromo- 
somes differing so slightly that they could not be identified. No 
jirobable sex chromosomes w’crc observed in the mitotic divisions 
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of the species of Aulax aud Leucadendron studied, although tJie 
chromosomes in the complements are not uniform in size, a few 
large and some smaller ones being present. 

Summary. 

1. Meiotic divisions in the pollen-inollier-cells in a number 
of genera show that the basic chromosome number is probably 
12. Other genera are aneuploid and ha\e chromosome numbers 
differing from the basic number by 1 or 2. No polyploidy has 
been found. 

2. These chromosomes are very small, circular or slightly 
oval in outline, and uniform or nlmosi uniform in size. Termina- 
lization occurs in some chromosomes of the complement. 

3. Mitotic divisions sliowed the diploid number of chromo- 
somes. They arc rod-shaped, and in the complements of some 
genera differences in size and in the position of the centromere 
occur. 

4. Chromosomes in the post-meiotic mitosis in young pollen 
grains are also rodshaped and are present in the haploid number. 

The writer wishes to express her sincere thanks to Prof. G. 
C\ Nol, under whose supervision this investigation took place. 
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ILLUSTRATIONS. 

Figs.: (1-9) Meiosis in pollen-mother- cel l.s of .spei-ies of Protrn'. 
(1) V. UincvoUita, first metaphaso; (2) V. hinceotata. first anaphase, 
not all the chromosomes shown; (3) J*. obfuA folia, first metaphase; 
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(4) P, verii folia, second meta^hase; (5) P. mellifera, second mota- 
pha&o; ^6) grandiceps, diakinesis, not all the chromosomes shown; 
(7) P, (jtandiceps, first metaphase; (8) P. grandiflora, metaphase; 
(9) P, grandiflora, second metaphase. (10-22) Meiosis in pollon-mother- 
cells: (10, 12) Leucospermum conoiarpum, second and first metaphase; 

n Leucospermum nutans, first metaphase; (13) Aulax pinifolia, 
inosis not all the chromosomes shown; (14) Aulax pinifolia, first 
inetaphase;: (15, 16) A ti lax cneorifolia, second and first metaphases; 
(17, 18) Aulax iHilUisia, second and first nietaphases; (19) Paranomus 
spicatus, second metaphase; (20) fieri uria arteniisiaefolia, second 
metaphaso; (21) Mimetes lyrigpia, second motaphase; (22) Braheium 
sfellatifoliinn, second metaphaso, the c'hromosomes of only one plate 
shown. (2.‘l-33) Mitotic divisions found in root tii)s, except where other- 
wise stated: (23) Prntea obtusi folia, metaphase; ^24) P. marginata, 
inetaphase; (25) I*, lanceolata, metaphase; (26) P. cynarnides, ana- 
phase, not all the chromosomes shown; (27) P. cynaroides, inetaphase; 
(28) P, grandiflora, metaphase; (29) P. mellifera, motaphase in young 
ovule; (30) Leucospermum conocarpum, metaphnse in growing point 
of stem; (31) Leucadendron plumosum, motaphase; (32) Aulax pini- 
folia, metaphose; (SS)Brahetum sfellatifolium, motaphase in growing 
point of stem; (34) Braheium. stellatifolium, motaphase of the post- 
moiotic mitosis in young pollen grain; (35) Protea lanceolata, mota- 
phase of the post-moiotic mitosis in tho young polloii grain. 
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THE OENUS LACHN08TYLIS TURCZ. 

BY 

])r. a. Dyer, 

VnioH Division of Bofanij and Plant Pathology. 

With t? Tcxt-figurcH. 

Bead 2ftth June, 1943. 

The genus JjachnostyUs Turez. ('E\i])horl)iji(*eae) was first 
defined in 1846 by Turezaninow (0 the tyj)e S])ec*ies of the 
generic name being L. capensin. Plants agreeing with tlie 
generic description, however, had been described earlier under 
the names Cluytia hirta Linn. f. (2) and C. acuminata Thunb (•*). 
Later, other specimens were described by Sonder (*) under the 
name Lachnostylis minor, though he suggested at the time 
that this miglit be conspecific with Cluytia arumhiata Thunb. 

When Alilller-Argaut (*) revised the genus LachnoHtyliH 
in 1866, he recognised only one species for which he used the 
name 1j. hirta (Linn, f.) Mull. Arg., since he correctly identified 
L. capruftis Turez. with the much earlier Cluytia hiria Linn. f. 
At the same time lie ga\e varietal rank to the forms ])reviously 
described as s])ecies under the epithets acuminata and 7ninor. 

The status of these latter was further inodihed by 
Hutchinson (®) who merged the tw^o \arietal forms described by 
Mull. -Arg., into a general sjiecific descri])tion. Ihuler the “ Kew 
Rule,” however, Hutchinson used the name L. capennis Turez., 
but under rntcrnational Rules of Botanical Xomenclature (^ ) 
this must be replaced by L. hirta (Linn, f.) Mull. -Arg., the 
name correctly used by the latter for the specimens collecttsl 
by Thunberg in the Cape JVovince between 1772-75. 

Hutchinson’s revision of L. hirta is acce])ted here and shows 
that this species is endemic in the coastal districts of the C'.ipe 
Province from Port Elizabeth to Swellendam, in which area, 
too, Thunberg undoubtedly collected the type material. 

It is now proposed to include in the genus, under the 
name L bilocularis,* a plant not dealt with by any earlier 

* haclinostylia hilo( uhiris R, A. Dyer &p. iiov. frutex vel arbuscula 
circiter 3 in. alta. breviter pctiolain, elliptico-obloiiga, 2-3*5 cm. 

longa, 1-1*8 cm. lata, pilosa, supra glabresceiitia. Stipula ovata vcl 
laiicecilata, 2*3 mm. longa. Flores dioeci. Ma.Hc. : Sepala 5, 2*5 mm. loiiga, 
2 ram. lata, pilis appresais pubesceiitia. Petala spathulato-obloiiga, 
1*5 mm. longa, cdliata. Discus 1-1*25 nim. diametro, villosuM. Staininu 
6, libera. Ovarium abortiviim stylis 2 villosis. Fern . : Sepala 5, 3*5 mm. 
longa, 2*5-3 mm. lata leviter accrescentia rotundata, pilis appressis 
^besoentia. Petala oblonga vel liiieari-oblonga, 2*5 mm. longa, glabra. 
Discus plus minuave emarginatus, villosus. Ovarium bilociilaro, loculis 
intra villosis, biovulatis, ovulia pendulis. Styli 2, infra pubescentes 
apice glabri bifidi. Capsula pubescens, coccis semine hemispnerico 'oun 
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worker. It differs from L, hiria and all its forms, mainly in 
its 2- (not 3-) locular ovary and in the filament s of the male 
flowers being free to the base, Fig. 2(5 (not connate for half 
their length as in L. hirta, Fig.lb). It might be argued that 
those differen(*es are of generic importance and that Ij. biloculam 
should, llicreJ’ore, not he included m Lachnositjlift. On the 
other hand, several genera related to Lachnofttylis hav(' a 
variable number of ovary cells (ranging from 1-4) and the 
filaments in those gonera are either partly united or free — both 
forms being present in the genus Aiulracluic Tj. Other reasons 
for associating LacIniostyliR hilociilariH with L. hiria are their 
close similarity in habit and general morphology and their 
proximate distribution. While L. hiria is r(‘stricted to coastal 
bush from Port Elizabeth to Swollendam districts, L. hilocuJarift 
is apparently endemic further inland on the rocky slopes or 
krantz(*s of the Zwartberg, not far distant from the common 
boundary between the Oudtshoorn and ITniondalo districts. The 
t>pe speciiiH'n was collected in May 1011, in Meirings Poort, 
by Mr. J. 1). Kcet, formerly (Miief of the Division of Forestry. 
The common name is given as “ Kli|)boom. It is stated to 
be a “ small tre(» up to 0 feed high, or a many stemmed shrub 
of about 4-5 feet., growing betweem rocks on the krantzes of 
the Zwartberg.'' The specimen collected in May, 1941, was 
from a female plant, but later, in January, further material 
from the same area was obtained, and this included a small 
twig of a male plant. A ])reviously unnamed spiTimen in the 
National H(‘rbaiium, Pretoria, collected by Mrs. T. V. Paterson 
in November, 1012, in the ITniondale division, is conspecific 
with Mr. Keet's specimen. 

It is a pleasure to acknowl(‘dge the assist tnu*e of ofiicers 
of tlu* Division of Foivstry in su])pl\ing material. 

The follow iiig is an amplified description for the genus 
Lachnonfijlis to accommodate the species L. bilocularis : Plants 
dioecious, pedals present. Male flow ers : Se])als 5, subecpial, 
imbricate. Petals 5, membranous, spathulat(i or obovate, 
smaller or sometimes slightly longer than the sepals. Disc 
annular, villous. Stamens 5, free or connate below and forming 
a short tube. Female fiowers: Sepals and petals more or less 
as in the male flowers. Disc annular, thick, villous. Ovary 
ovoid-globose, 2-3-locular with 2 ovules in each loculus, 
tomentose or villous on the outer surface and also pubescent 
within the loculi ; styles 2-3, bifid. Capsule breaking up into 
2-valved cocci. Seeds subglobose or hemispherical, smooth 
or slightly wrinkled ; endosi)erm scanty. 

hachnoBtylh bilocularU 11. A, Dyer; shrub or small tree 
up to about 3m. high, much branched, with the branchlets 
twiggy with scattered lenticels, tomentose when young, at 
length glabrous. Leaves petiolate; petiole 3-5 nim. long, 
shortly pilose; blade elliptic-oblong, obtuse, 2-3*5 cm. long, 
1-1*8 cm. broad, very shortly pilose on both surfaces when 
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youn", becoming glabrous on the upper surface with age, 
minutely reticulately veined on both surfaces (when dry). 
Stipules ovate to lanceolate, 2-3 mni. long, caducous. Flowers 
dioecious, grou])ed in small axillary fascicles towards the tips 
of brunchlets. Pedicels slender, 1-1-2 cm. long, pilose. Male 
flower: Sepals 2-.5 nnn. long, 2 mm. broad, adpressed pubescent 
with more hairs on the outer than on the inner surface. Petals 
spathulate-oblong, 1‘5 mm. long, ciliate. Disc 1-1-25 mm. in 
.diameter, villous. Stamens 5, arising from the centnj of the 
disc; filaments free, about 2*5 mm. long; anthers broadly oblong, 
witli introrse deliisceiice. Ovary aborted, with two fan-Jike 
villous styles overlapping along the margins. Female flower : 
Sepals 3*5 mm. long, 2*5-3 mm. broad, accrescent, rounded at the 
apex, occasionally slightly dentate on the margin, adpressed 
pubescent, with fewer hairs on the inner concave surface, l^dals 
oblong to linear-oblong, 2*5 mm. long, glabrous. Disc- 
surrounding the base of the ovary, slightly lobed or notched 
at the insertion of the petals in the young stages, villous. Ovar\ 
villous, slightly conical at hmgth subglobose, 2-locular, with 2 
ovules in each loculus (only one developing) villous ; loculi 
villous within. Styles 2, comparatively large, about 1 mm. 
long, bilobed. Capsule subglobose, 5 mm. in diameter; seed 
rounded on the outer side, flat on the inner face (more or 
less hemisplierical) with sui-faco slightly undulate. 

Distribution — Cape Province: Oudtshoorn division; Meirings 
Poort, Ma;y, 1942, Koet in National Horbaiiuin, Pretoria, 271G7 
(type female), January, 1943, Director of Forestry i)i National 
Herbarium, Pretoria, 27168 (typo male); 27169 syn-type female; 
Uniondale division; November, 1912, Paterson, 3018. 

BIBLIOGRAPHY. 

(’) TvRrzASiyow : ]htU,Soc.Nut,Mosc,, 19: 2, 50:1 (1846). 

(*) Linnarus fil. : Siippleniontum Plant. 432 (1781). 

(^) Tjiitnhrrg, C. P.: Prodroiiiii.s Plant. C'a]). 53 (1794). 

(^) SoNDER, W. : lieitnuje FL SUdafr, in lAnnaen^ 23: 132 (1850). 

(®) Muller: De Caiidollo Prod,, 15 : 2, 224 (1866). 

(•) Hutchinson, .1. : in FI. Caii., 5 : 2, 384 (1915). 

C) International Rules of Bot. Noin. (1935). 

EXPLANATION OF FIGURES. 

la — le — LachnoistyJis hirta (Linn, /.) Mull, Arg.; la, leaf; lb iiialo 
flower; lo female flower; Id, 2-valved coccus; le, seed (all 
enlarged). 

2n— 2f . — LachnoHtylis hilocuinris R. A. Dyer; 2a, part of twig shoM- 
ing stipules; 2b, 'leaf; 2c, male flower; 2d. female flower; 
2e, ovary showing 2'ovuled loculus; 2f seed ba<‘k view (all 
enlarged). 
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YIELDS AND CHEMICAL COMPOSITION OF PASTUEE 
HEEBAGE AS INFLUENCED BY FEETILISING AND 
FEEQUENT CLIPPING. 

BY 

Dr. H. Weinmann, 

Botanical Dvpartmenty University of the Wit waters rand, 
Johannesburg, 

Head 28th June, 1943. 

The scientific investipjation of tlie South African veld, in 
particular with regard to its optimal use, lias in recent jears 
claimed the attention of a number of workers. The present 
contribution reports some of the results of a field experiment 
carried out at Frankenwald, the Botanical Eesearch Station of 
the Universitv of the Wiiwatersrand, during the ^ears 11)110/40 
and 1940/41.*' 

Experimentation. 

Six plots approximately one-sixtieth of an acre in extt*nt 
^^el•e laid out in winter 1039, on a piece of undisturbed veld. 
The dominant grass species wore Trachypogon jdumosus, 
Trisfachya hispida, Digitaiia tricholacnoidcs, Eragrostis chal- 
cantha and Brachiaria serrafn. A botanical analysis of the 
locality has been carried out by M. F. Smith (1940). The soil 
of the area is an acid loamy sand of about 12in. depth on 
decomposed granite. The soil is poor in organic matter, 
nitrogen and phosphorus; the pH was found to be 5‘4. The 
results of a representative analysis of the surface soil are gi\en 
in Table I. 'The rainfall amounted to »32'3in. in 1939/40 and 
to 35*8in. in 1940/41. 

TABLE I : RESULTS OF SOIL ANALYSIS. 

PercentageH of dry due earth. 


Sand 75*2 Loss on Ignition 3*9 

Silt 13*0 Nitrogen 0-086 

Clay 11-8 Phosphoric Oxide 0-016 

Total Colloids 13-4 Potash 0-06:1 

Maximum Water Retaining 
Capacity 42-4 


In July, 1939, the area wliich had been subjected to 
uncontrolled light grazing for some years, was burnt to remove 
old growth. Three of the above-mentioned six plots were not 
fertilised (0), whilst th§ otlier three plots received a well- 
balanced fertiliser treatment (PNK) during the two seasons 
1939/40 and 1940/41. The amounts of fertiliser applied per 
morgen during each season were: — 

800 lbs. of Kynoch Grass No. 1, equivalent to 120 lbs. PjO,. 
40 lbs. N and 40 lbs. K^O. The fertiliser was spread each 
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year in spring. Two further dressings of 200 lbs. of ammonium 
sulphate per morgen ( = 42 lbs. N per dressing) were applied at 
convenient intervals during the season. 

Five quadrats, each two square metres in extent, were 
pegged out in each of the six plots. During both seasons these 
quadrats were subjected to different clipping treatments, as 
follows : — 

Number of Clippincss per Season. 

Quadrat No. 1 ; One (in the beginning of April). 

Quadrat No. 2 : Two (in the middle of December and 
April). 

Quadrat No. 3 : Four (at two-monthly intervals, namely in 
November, January, March and May). 

Quadrat No. 4: Nine (at monthly intervals from September 
to May). 

Quadrat No. 5 : Sixteen (at approximately fortnightly 
intervals during the months of September to May). 

Clipping was cariied (.ut with sickles and scissors, the 
herbage being remo\ed as completel.> as possible. The herbage was 
dric'd in the laboratory at a temperature of bO to 7(PC, and 
the total herbage* vields of the individual quadrats were 
determined for the whole season. Tlu* herbage from the three 
quadrats leceiving the same fertiliser and clipping treament was 
then combined and ground for chemical analysis. rerc(*ntage 
dry matter, nitrogen, phosphorus, ])otassiinn and calcium were 
determined in tlie usual wa\ . 

l)is( rssiox OF IIksl’lts. 

Herbage Yiehlfi . — The average herbage yields lor the various 
treatmenis together ^^ith their standard errors an* i>iven in 
Table IT. 

TABLK IT: TTERBAGE YIELDS 
ill grams dry matter pi*r rjuudrat of two square metr«*h. 


Cute. |l 

r / ^ u 1 

i :* 4 

U / 4 I 

per season l| 

PNK 1 

f) 

PNK 

1 ’ i>i:j ±r>4 

6'.m; ±127 1 

.YJS ± 77 

1.262 ±70 

2 1 587 ±45 

7a4 ± io:i 1 

1 

603 ±105 

l,l4.*i ±77 

4 , 64 :j ±: a \ 

l| 

817 ± 67 

.Mri ± .50 

+1 

1) ,1 4.M ± 8 

1' 

608 ± 43 

1 1^8 ± 37 

308 ±31) 

16 j| :J.V2 ±27 

461 ± 22 1 

1 

.52 ± 4 

126 ± 4 


In both seasons higlier average yields were obtained as a 
result of fertiliser treatment, but whilst in 1930/ TO some of 



PASTURE HERBAGE. 


129 


the differences in the yields between iertilised and unfertilised 
quadrats were not significant, the fertiliser treatment resulted 
in distinctly higher yields under all conditions of defoliation 
in the second season. As regards the effect of clipping frequency 
on the yields, differences in both seasons were relatively small 
and in most cases statistically insignificant between one, two 
and four cuts per season. The herbage yields were, however, 
reduced to a considerable extent by clipping nine times per 
season and even more so when the grass was cut sixteen times 
a year. In both the fertilised and unfertilised series this yield 
reduction was more pronounced in the second season, indicating 
a cumulative effect. While the fertiliser treatment with one, 
two and four clippings in the second season gave significantly 
higher vields than in the first, this effect was completely reversed 
with nine and sixteen clippings. In fact, witli inontlilv and 
lortnightly defoliation the yields dropped significantly from the 
fiist to the second year of experimentation, irrespective of the 
fertiliser treatment. On the fortnightly clipped quadrats, grow’th 
and regeneration stopped almost completely in the later half 
of the second season, as most of the plants had apparently been 
killed by the severe cutting treatment. 

Chemical Composition , — ^Table ]IT gives the results of the 
chemical analyses. 

TABLK III CHEMICAL COMPOSITION OF THE HERBAGE 


Constituents expressed as percentages of the dry matter. 


Cuts 

per 

season 

N 1 

PflOs 

KaO 

CaO 

0 

PNK 

0 

PNK 

0 

PNK 

0 

1 PNK 




1939/40 




1 ' 

1 

1 

0*80 

1 

0-79 

0-19 

0-24 

0-87 

0-94 

0-37 

0-.18 

2 1 

0*81 

1-01 

0-23 

0-30 

1-39 

1-58 

0-43 

0-4J 

4 

1*01 

M7 

0-2,5 

0 30 

1-73 

1-64 

0-39 

0-42 

« 1 

1 1‘40 

l'4r> 

0-44 

0-41 

2-02 

1-89 

0-33 

0-35 

16 

1*60 

1-73 

0-49 

0-45 

1-G7 

1-88 

0-43 

0 37 


1 9 4 0/ 4 1 


‘ i 

0-67 

0-69 

0-19 

0-29 

0-55 

1-08 

0-39 

0 37 

2 ' 

0-80 

0-86 

• 0-26 

O’SO 

0-88 

1-23 

0-41 

0-40 

4 1 

1*03 

1-21 

0*28 

0-42 

1-43 

1-7G 

0-39 

0 40 

9 

1*38 

1*61 

0-34 

0-41 

1-51 

1-97 

0 37 

0 40 

IG 

1«45 

1-64 

0*40 

0-42 

1-56 

1*71 

0-49 

0 46 


5 
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The nitrogen, phosphorus and potash content of the herbage 
was increased by the fertiliser treatment under all conditions 
of defoliation, except for a few cases during the first year. The 
influence of the clipping frequency was, however, still more 
pronounced; the percentages of these three constituents \ver(i 
distinctly raised by shortness of intervals between cuttings, 
though in some cases maximum values were reached with nine 
or four clippings per season. The lime content, however, was 
little affected either by fertilising or frequency of cutting. 

Total Nutricnl Yields . — From the practical point of view^ 
the total yields of nutrients per unit area arc, perliaps, more 
important than the percentage values. The total nutrient yields 
are shown in Table IV and are also graphically represented 
together with the total dry matter yields in the Figure. 


TABLE IV. TOTAL NUTRIENT YIELDS FOR THE SEASONS 
1989/40 AND 1940/41. 

Ill gramn per quadrat of two'^sqiiare mrtre‘*. 


OutH 

per 

8(.*a8on 

N 

IV), 

KaO 

t\i() 

0 

D 

O 

PNK 

0 

PNK 

O 

PNK 

1 


14-2 

2*2 

5*8 

8*0 

20-2 

D 

n 

2 

9«() 

17-9 

2-9 

.'rS 

18-5 

260> 



4 

U-7 

21-9 

8.0 

6*7 

18*3 

31-8 

n 

7*"> 

9 

9-0 

18*8 

2«7 

8‘H 

12*1 

17*6 

2-8 

8-1 

16 

6.4 

10 0 

1*9 

2*6 

6-2 

10-8 

1-S 

2-8 


As will be seen, the nutrient yields increased with the 
frequency of clipping up to four cuttings per season wdiicli gave 
maximum amounts of nitrogen, phosphorus and potassium. In 
the case of calcium the highest amount was present in the 
herbage harvested twice per season, though the yields fi*om one 
and four <*uttingR per year were not appreciably lower. Jn spite 
of the higher percentage values of the frequently clipped herbage, 
the reduction of the dry matter yields with increased frequency 
of clipping (i.e. nine or sixteen times per season) resulted in 
corresponding decreases of the nutrient yields. 1'hc effect of 
fertiliser treatment on the nutrient yields was most pronounced 
with a limited number of clippings, the best lesults being 
obtained when the herbage was cut at tw’o-monthly intervals 
or four times per season. In this clipping treatment the appli- 
cation of fertiliser raised the yield of phosphoric oxide by 124 
per cent., of nitrogen by 87 per cent., of potash by 71 per cent, 
and of lime by 67 per cent, above the level of the unfcTtilisod 
control. 
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Conclusions. 

The beneficial influence of fertilisers on the yields, chemical 
composition of the herbage and carrying capacity of this type 
ot veld has been demonstrated by Hall, Meredith and Murray 
(1937 and 1940) and by Weinmann (1943). Staples and Taylor 
(1929), Taylor (1931), Du Toit and associates (1935) and Louw 
(1938) all confirm that frequent cutting at short intervals results 
in the production of a herbage of superior quality, but they 
also emphasise the adverse effects of too frequent defoliation on 
the growth of the plants. The results of the present investigation 
seem to indicate clearly that severe defoliation at short intervals 
brings about deleterious effects on the productivity of the pasture, 
largely counterbalancing the advantage of a better chemical 
composition of the herbage. Maximum nutrient yields and 
optima] fertiliser effects can be obtained only with a limited 
number of harvests per season. 

Essentially the same conclusions were reached by the writer 
in a previous similar investigation (Weinmann, 1943). There it 
was shown that the decreases in the herbage yields brought 
about by frequent clipping were associated with corresponding 
reductions in the root weight of the gi’asses, and with a depletion 
of carbohydrate reserves in the roots. Tn addition, root samples 
of the five species of grasses named above, were taken 
at the end of the 1940/41 season from the experimental plots 
described in this paper. Here also, it was found that the bulk 
and carbohydrate content of the roots progressively diminished 
witlj the frequency of cutting. Clipping at fortnightly intervals 
led to an almost complete exhaustion of root reserves in 
these species irrespective of fertiliser treatment. (The detailed 
results of this investigation are to be published shortly.) 

It is realised that the results of such clipping experiments 
cannot without reservation be applied to actual grazing 
conditions. Grazing animals do not usually defoliate the 
vegetation so completely, though they occasionally uproot whole 
plants. Grazing by animals is largely selective, so that desirable 
species are more severely affected than less desirable ones. 
Selective grazing, together with trampling and manuring, leads 
to changes in the botanical composition of the sward as show’n 
bv Glover (1938) and van Eensburg (1989 and 1941). Though 
all such factors are not included in clipping experiments more 
recent investigations of the writer (still unpublished) have showm 
that Ihe gross effects of frequent close grazing are at least very 
similar to those of frequent clipping. 

From the results of these clipping experiments, taken in 
conjunction with subsequent grazing experiments, it may be 
concluded that continued close grazing at short intervals will 
sooner or later lead to irreparable damage. Intensive grazing 
at one time of the year should be followed by sufficiently long 
rest periods at other times of the season. Where such controlled 
grazing is not possible on account of the lack of fenced paddocks. 
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the number of grazing animals per unit area should be limited 
to such an extent as to avoid overgrazing. On the type of veld 
investigated, a maximum level of productivity can be maintained 
for any length of time only by moderate grazing use. 

Summary. 

Quadrats in fertilised and unfertilised plots of natural, 
undisturbed veld were subjected to a series of different clipping 
treatments for two successive years, viz., cutting once, twice, 
four, nine and sixteen times per season. 

The nitrogen, phospliorus and potassium content of the 
herbage was increased by fertiliser treatment, and even more 
so by frequent clipping, wdiilst the calcium content was little 
affected by either treatment. 

The herbage ;^ields were raised by the application of 
fertilisers, but were reduced by more frequent clipping, the 
degree of reduction being intensified in the second sea^jon, 
indicating a cumulative effect. 

Maximum yields of nitrogen, phospliorus and potassium per 
unit area were obtained in the herbage cut at two-montlily 
intervals (or four times a season), whilst the highest amounts 
of calcium were present in the herbage cut twice a year, 
(dipping nine or sixteen times per season significantly decreased 
the total yields of nutrients. The beneficial effect of fertiliser 
treatment on the total nutrient yields was most pmnounced with 
four clippings per year. 

The bearing of these results on practical problems of pasture 
management is discussed. 
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Increasing public and scientific interest has been aroused 
in recent years concerning the r61e played by public works as a 
cause of soil erosion. The road and railway systems of the 
country have been singled out by some as cases in point. No 
comprehensive report on the subje(*t has been published in this 
country. 

It was therefore decided to survey a chosen section of 
railway line, with the following objects in view: — 

1. To discover if soil erosion existed and if so, to \\hat 
extent. 

2. To ascertain tlie agents responsible for any soil erosion 
discovered. 

3. To note if constructional mistakes possibly causing soil 
erosion on old railway lines had been repeated on new 
ones. 

4. To suggest remedial measures. 

5. To outline a policy that \\x)uld help to prevent further 
erosion. 

Methods. 

Tlu* methods used were entirely observational. A 149-mile 
section of railway between East London and Queenstown was 
chosen for survey. Fn a preliminary survey made by train, 
suitable areas were selected for closer inspection. The main 
survey was done in part by foot, in part by alow goods train. 
Approximately 50 miles of ground were closely studied and 
covered on foot; 42 miles on the track itself, the remainder in 
the immediate vicinity. The survey covered a foiir-da> period, 
beginning on 2nd February, 1943. 

Findings. 

Generally speaking, it was found that soil erosion is most 
frequently the result of a complex of con tributary causes, 
though nearly always initiated by railway construction work. 
Farming malpractices on adjoining private land, though of a 
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secoiulary nature, also aid erosion. The degree of soil erodibility 
— another secondary factor — had also to be taken into account. 
Ill certain cases, the responsibility for soil erosion could be 
ascribed to the work of the South African Kailways (S.A.R.) 
alone. 

The major causes of erosion are comparatively few but 
occur repeatedly along the section of railway studied. These 
causes are summarised below in three sections: firstly, those 
connected with S.A.E. construction work only ; secondly, those 
in which the infiueiu'e of the S.A.E. is combined with that of 
private individuals; thirdly, those due to the combined influence 
of the S.A.E. and factors inherent in natural conditions. 
Possible remedies are discussed in each case. 

A. — Cav»cs Due fo the hijiucncc of S.A.U. Confttruction Worh\ 

T. Numbers of dual-purpose culverts have been constructed 
ill embankments. These culverts are intended primarily to 
drain flood water but are also used ns passage ways (termed 
“ cattle creeps ’’ by the engineers) for stock animals of all 
kinds. Constant trampling has denuded the soil of its vegeta- 
tion fanwise on either side of the culvert, at the very point 
>\here storm water reaches a high velocity and its greatest 
volume per unit urea, and where the strongest soil-binding 
vegetal cover is consequently essential. This is the most fre- 
quent and most serious cause of erosion seen on tlie survey. 

There is only one remedy: the culvert.s must be used only 
as drainage ways, never as stock passages. To facilitate passage 
of stock animals from one side of the line to the other; light, 
standardised stock bridges might be thrown across cuttings. If 
this should prove too expensive, or if cuttings do not exist in 
the locality, then level crossings must be made at points where 
storm water flow is at a minimum. 

II. Inadequate dispersal of storm water effluent from 
culverts appears to be the next most serious cause of erosion. 
Water issuing from culverts is usually allowed to find its way 
down slopes of varying steepness or, what is worse, is some- 
times led directly down the slope in a straight trench. Few, 
if any, adequate systems of culvert effluent dispersal on steep 
slopes were seen, either on old or new railways between Queens- 
town and Fjast London. Many serious dongas have developed, 
sometimes due entirely to the influence of railwav construction 
work. 

Erosion of this type can easily be obviated by constructing 
i\ simple system of contoured dispersal furrows, designed to 
distribute culvei-t effluent over as wide an area as possible on 
either side of the exit. The outlay would be small, the savings 
great. 

III. The cutting drainage system is bad and contributes to 
soil erosion at many points, though from the point of view of 
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working efficiency, the railway is adequately drained. The rim 
of the cutting on the upper slope is always paralleled by a 
drainage ditch (termed a “ catch-water drain *') which runs 
from the highest point near the cutting’s centre- to the lowest 
j)oint at its entrance. This catch-water drain prevents water 
iroin seeping over the rim into the cutting from the slopes above 
it. These drains are not carried under the line at the end of 
the cutting but are prolonged to the middle of the adjacent 
embankment, where the water is allow’ed to escape through the 
culvert there. 

The culvert mav be more than a quarter of a mile from 
the crest ot the cutting and if the slope is steep and the soil 
erodible the drains erode with great rapiditv. The volume of 
w’ater is further swelled b\ the addition of drainage water from 
the interior of the cutting (these are called “ t.ible drains ”). 
This system is usually reflected on the opposite side of the 
drainage basin, except that table drains on that side do not 
contribute but follow the slope of the line. (See Diagram I.) 

The catchment area provided by the furrows and cuttings 
is larger than that contributing run-off to the stream-bed under 
natural conditions. Tlu* water is funnelled through the cuhert 
— violently, if it is too narrow — and discharged into the natural 
stream-bed (often alreadv cToded) on the lower slope. No con- 
toured dispersal furrows *ue made liere and erosion progresses 
at great speed. Factors mentioned under other heads may 
aggravate the process. 

Several measures may be adopted to deal with the condi- 
tions described. These measures are outlined below" : — 

1. If the slopes are not too steep to cause erosion in the 
furrows themselves, the catch-water drains should ])roceed from 
the crest to the end of the cutting and tlien be led under the 
railw"ay at that point. Catch-w’ater and table drains should join 
at the cutting entrance and i)ass under the line at that same 
point. On reaching the lower slope the combined flow should 
be adequately distributed in a system of contour furrows. (See 
Diagram II.) 

2. If the slopes are steep enough to cause erosion in the 
cat(di-water drains, w"ater must be led away from the rims of 
the cuttings in a series of small contoured catch- winter furrows. 
A larger “ pick-up " furrow’, running close to the contour, 
W’ould gather their overflow’ and transport it in the opposite 
direction towards the railway line. On reaching the cutting 
mouth it would be joined by the table drain, and the combined 
flow be led beneath the line at that point. Dispersal on the 
lower slope would be the same as in I. (See Diagram III.) 

It should be noted that in both the above plans, surplus 
drainage water is diverted from the culvert and dispersed else- 
where. It might also be necessary to disperse the culvert 
effluent in contour furrows on both sides of the exit, particularly 
if erosion has already begun there. 
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3. This in a makeshift plan which would attempt to alleviate 
the trouble without altering furrows already made. It would 
probably only succeed on gentle slopes and would possibly prove 
more costly in the long run, since the root causes of erosion are 
not reino\e(l. 

The stream bed would be dammed just below the culvert 
exit. Effluent from the culvert would fill the dam and be led 
away on either side in contour furrows. (See Diagram IV.) 
The i>lan would prevent further erosion in the stream-bed below 
the i-ulvert but does nothing to stop it on the upper slopes. 

Erosion on the upper slopes might be alleviated by carrying 
catch-water and table drainage away from the line in contour 
furrows and allowing it to drain slowly into the stream-bed 
somew'liat above the culvert entrance. Tliis would not reduce 
the total volume of water passing through the culvert but would 
proxidc a steadier flow over a longer period of time. (See 
Diagram V.) 

IV. WitJiout exception, all the drainage furrows studied were 
narrow, deep in comj)arisoii to iheir breadth and bare of any 
vegetation. Nearly all were eroding, slowly or rapidly, accord- 
ing to stee])ness of slope, eiodibility of soil and volume of water 
carried. 

To ])re\ent erosion along drainage furrows constructed in 
soil, certain simple principles should be followed. Moving water 
should be spread over as wide an area as is conveniently })os- 
sible, consistent with effective drainage. The furrows, there- 
fore, sho\ild be wide, comparatively shallow and well- vegetated 
throughout. (See Diagrams VT. and VIT.) 

V. Tlie angle at wdiicli culverts ])pnetratc embankments is 
sometimes the cause of erosion on slopes below the railway. 
Culverts almost invariably pierce embankments at riglit angles. 
The reason is that this is the shortest possible route from one 
side to tlie other and construction consequently costs less in 
terms of materials, labour, time and money. 

llailway embankments most frequently cross stream-beds 
obliquely. A culvert placed at right angles to the embankment 
does not therefore coincide with the direction of natural drainage 
flow. Two possible methods may be used to construct culverts 
of this kind. 

1. The culvert entrance inav be built in the bed of the 
stream. Water is picked up directly from the bed on the 
upper slope, carried ihrougli the embankment and deposited on 
the low^er side, not in the stream-bed but to one side and above 
it. (See Diagram VTII.) 

Water discharged on to the bank above the stream-bed in 
this manner is certain to cause erosion unless specially dispersed. 
Dut dispersal on the contour can take place in only one direc- 
tion, since the culvert exit lies to one side of the centre of the 
gt ream-bed and only that side can be used. 
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2. The culvert exit may be built to lie in the stream-bed, 
while the entrance lies to one side and above the natural water 
level. (See Diagram IX.) In this case a small dam must first 
form at the base of the embankment before the water reaches 
a level high enough to allow it to flow through the culvert. This 
is probably undesirable from the engineering viewpoint, but can 
be overcome if necessary by diverting the stream-bed to the 
mouth of the culvert. In this case the duin would not then 
form. 

This plan is more desirable than the otlicr. There is very 
little danger from erosion because the water is first checked at 
the embankment and then discharged into the natural bed. If 
the latter is already eroded, however, contour furrows can be 
led off on both sides of the bed and erosion checked by adequate 
dispersal. 

VT. Many miles of firebreaks have been made in private 
ground flanking the ruilw^ay. These are made by permanently 
denuding a strip of soil of its vegetation. Erosion has taken 
place at many points on these firebreaks, especially where slopes 
are steep, soil erodible and the volume of water flowing over 
them large. 

There seems to be no w^ay of retaining a permanent fire- 
break of this kind and preventing erosion on it at the same 
time. A series of cross w^alls for diverting water flow would tra]) 
silt and seeds and consequently cause vegetation to develop, 
thus defeating its ])urpose. This type of firebreak might be 
replaced by similar breaks enduring for one season only, or by 
ploughed strips shifted at each new season, or, best of all, by 
burned firebreaks. All of these, however, involve expense. The 
last is the best from the point of view of preventing soil erosion. 

VIT. Pits have been excavated at certain points near the 
railway to supply material for embankments and ballast. (These 
are termed borrow ])its.’*) No attempt has been made to 
vegetate abandoned pits and erosion has taken place in some. 

Erosion occurring in borrow pits could be easily prevented 
by sloping the hanks, diverting flood water from them and by 
planting stolon if erous grasses. Each pit differs widely from its 
fellows and would have to be treated as an individual problem. 

VIII. None of the recently constructed embankments has 
been stabilised by vegetation and some are beginning to erode 
somewhat on to fields below them. 

Embankments constructed of broken stone present no 
erosion problems, but on soil embankments a few planted sods 
of stoloniferous gras'ses would rapidly cover and bind the loose 
soil. This is not a serious cause of erosion and even when left 
alone the condition does not remain for long. 

Of the eight causes of erosion outlined above, all — with the 
possible exception of VI. (breaks not made because the line is 
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not yet in use) and doubtful exception of VII., are being 
repeated on new railway now under construction. This is 
perhaps the most important single point that emerges from the 
survey. 

B, — Causes Due Partly to the Influence of Farming 
Malpractices on Private Ground Adjoining the 
Railway, 

IX. Over-grazing of veld adjoining the railway is the most 
important cause of erosion in this category. Some culverts 
studied showed that the effluent trenches inside the S.A.K. 
enclosure were well vegetated and showed no signs of erosion, 
whereas the same trenches outside the fence had developed into 
large dongas in the over-grazed, semi-denuded pasture land. 
Such dongas were seen on both sides of the railway, either tear- 
ing their way downwards or eating slowly upwards on the slopes 
above. 

The remedy is simple: stop over-grazing and repair damage 
already done. The application, however, is difficult because it 
impinges upon the principle of private ownership and the rights 
of individuals to make or mar their soil as they will. The 
approach here might beat be made on contract lines (based, 
perhaps, on such legislation as Act 13 of 1941, which enables 
the (lovernment to declare any portion of the Union a con- 
servation area, irrespective of the owner's wishes), the contract- 
ing parties being the Division of Soil and Veld Conservation 
(advised by the S.A.K.) on the one hand, and the private 
individual on the other. Once contracts were made, work could 
proceed under the guidance of the Division, the expense being 
borne j)artly by the Government and partly by the individual 
on a subsidy basis. 

X. Ploughing land in the path of storm water effluent from 
railway culverts is another fairly frequent cause of erosion. Even 
small streams have caused serious erosion in this way because 
denuded loosened soil cannot withstand the shock of flood water. 

The remedy is simple and easy to apply. It consists in 
leaving permanently grassed waterways through ploughed fields. 
The ground area sacrificed is negligible, stream flow is steadied 
and erosion stopped. Plans of this kind might also be promoted 
on a contrac;t basis. They are easier to put into operation than 
those described under IX,, because they involve no radical 
changes in the farming system and the area affected is small. 

C, — Causes Due partly to Natural conditions. 

XI. Soil erodibility varies widely from one soil type to 
another. Nothing practicable can be done to alter the degree 
of erodibility of a soil, but erosion can be prevented by taking 
special precautions, as outlined above, at the start of construc- 
tion work. 
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It must be realised that in a very high percentage of cases 
soil erosion is not due to any one of the causes described, but 
to several. One instance seen near Cathcart can be used as an 
illustration. A very large donga has developed there below a 
culvert of the cattle-creep type. This erosion owes its origin 
to trampling by stock, to concentration of flood water from a 
road nearby, to erosion on an adjacent firebreak, to dongas 
shedding flood water from old ploughed lands on the mountain- 
side above, and, lastly, to erodible soil. 

The eleven causes outlined above have been separated as 
far as possible — as have the remedies suggested for each case — 
for purposes of accurate description. 

Conclusions. 

1. Serious erosion exists at many points along the railway 
surveyed. 

2. This erosion is caused in part by S.A.R. work alone, in 
part by the combined influence of the S.A.R. and private land- 
owners, in part by the combined influence of the S.A.R. and 
factors inherent in natural conditions. As far as could be 
judged, erosion in the immediate vicinity of the railway is alwajs 
initiated by the S.A.R. though the blame is by no means com- 
pletely theirs. Much of the erosion studied would probably not 
have taken place had not the land adjacent to the railwav been 
maltreated. It could be said with equal truth, however, that 
the same erosion w^ould probably not have started had not the 
railw'ay been built. 

3. A most disturbing fact is that the major constructional 
mistakes causing erosion on old railways are being repeated on 
new sections. 

4. Almost all the causes of erosion described could have 
been eliminated early, though probably at higher constructional 
costs. 

Recommendations. 

The situation as seen on this survey, and probably in many 
other parts of the Union, calls for immediate action. The forces 
of soil erosion are cumulative in action and with the passage 
of time become increasingly difficult to cure. 

The first necessity is to make wider surveys of a similar 
kind along railways in each of the climatic zones of the Union. 
The main causes of erosion could then be listed and a well- 
defined construction policy laid down for the guidance of all 

S.A.R. construction engineers. 

To say that the prosecution of a jiolicy of this kind would 
cost more money is probably correct, but may not be used as 
an argument for shirking the issue. If the problems are not 
faced now^ they must inevitably be met later in far more 
menacing form. Railways are useless things unless there be 
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goods and people to carry; both depend ultimately upon the 
maintenance of our soils. 

The engineer’s viewpoint, naturally enough, is that the 
railway must be kept working at all costs; he well knows that 
washaways may mean the loss of thousands of pounds for every 
day’s delay of traffic. Provided the track is efficiently drained 
and kept in smooth working order, he is not greatly concerned 
as to how it is drained or what the effects of drainage may be 
in terms of soil erosion. Much could be done to eliminate narrow 
views of this kind — and thus soil erosion itself — by enforcing 
a policy of the type advocated and by releasing funds for doing 
the work. 

As far as private individuals may be held responsible in part 
for erosion adjacent to the railways, the approach could probably 
best be conducted as outlined above. It is necessary that a good 
working basis of suitable legislation be at hand for work of this 
kind. 

A prerequisite to any such policy is that there should be 
close co-opeeration between the S.A.K. and the Division of Soil 
and Veld Conservation. The fact that a Government Depart- 
ment, such as the S.A.B., is in many cases solely responsible 
for soil erosion is bewildering to those who are aware of the 
save our soil ” campaigns of the Division of Soil and Veld 
Conservation, the National Veld Trust and other official and 
semi-official bodies. 
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Abstract. 

The propagation of apple varieties by means of stem cut- 
tings has long been a problem. Very different results have 
been obtained, some workers finding the rooting of these cut- 
tings easy, while others have had little or no success. Nowhere 
in the literature reviewed was a simple reliable method of 
rooting apple cuttings reported. It was thought that such a 
method could be established through the use of phytohori nones, 
which in recent years have played a very important part iii 
vegetative propagation. 

Methods and Material Used. 

1. Delicious and Rome Beauty apple varieties were used 
for experimental work. Cuttings were made from one-year-old 
shoots taken from trees varying in age from 10-20 years. 

2. All cuttings were classified into two groups: (a) Apical 
cuttings, which were characterised by the possession of an 
apical bud as well as lateral buds, (b) Basal cuttings which 
were characterised by the possession of lateral buds only. 

• 1]. Sand was used as a rooting medium. 

4. The growth-promoting substances used for the stimu- 
lation of cuttings were Hortomone A, indole-butyric acid, 
naphthalene acetic acid, and B-napthoxy acetic acid. Vitamin 
B or aneurin was used in combination with an auxin in soim‘ 
cases. The concentration of auxin used varied from 40-100 mg. 
per litre of distilled water. The solution method w'as used 
for the stimulation of cuttings by growth-promoting substances 

Summary of results obtained from experiments with Delicin^,^ 

stem cuttings. 

1. No rooting occufred regardless of the treatment given. 

2. Bud growth occurred in high percentage in the case* 
of cuttings treated with high concentrations of auxins. 

3. Very little callus formation occurred. 

4. A large percentage of rot occurred, due to fungal disease. 
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Summary of the results obtained from experiments with Borne 
Beauty cuttings. 

1. Booting occurred among young one-year-old cuttings. 
It is significant that all the rooted cuttings, with the exception 
of one, were of the apical type. 

2. The two concentrations of auxin producing roots on 
Borne Beauty cuttings were 40 mg. and mg. per litre of 
indole-butyric acid. No other growth-promoting substances 
produced roots. 

8. A heavy and high percentage of callus growth occurred 
on both stimulated and unstimulated cuttings. Boots occurred 
only on stimulated cuttings. The rooting of these cuttings 
occurred after the cutting had been planted for at least four 
months. 

4. Bud growth occurred only in spring and summer, and 
only after callus development had reached a certain stage, 
unlike Delicious, which had a high percentage of bud growth 
throughout the bud dormancy period. 

5. There was a large percentage of rot due to fungal attack. 

Discussion. 

The most significant feature of the results obtained from 
the treatment of two apple varieties cuttings with phytohormones 
are : — 

(1) Tlie very different responses produced in callus and bud 

growth among the Delicious and Borne Beauty cuttings. 

(2) The complete failure to root Delicious cuttings regardless 
of the treatment given. 

(8) Tlie rooting of the Borne Beauty cuttings. In all (‘ases 
in w'hich rooting occurred excepting one, the rooted 
cuttings were of the apical type. 

(4) The two concentrations 40 mg. and 80 mg. of indole- 
butyric acid produced roots. No other treatment 
produced successful results. 

It appears that the action of the auxin stimulation is 
different in the two varieties. In the case of Delicious cuttings 
the high •percentage of bud grow th during the winter months 
is due to the fact that at certain concentrations auxins release 
bud dormancy. The growth of callus was not activated very 
much by auxin treatment except in the case of abnormally liigh 
concentrations of naphthoxyacetic acid. Here the growth w'as 
abnormal and very quickly attacked by fungus. 

In Borne Beauty cuttings the responses induced by auxins 
were what was expected on theoretical grounds. Callus growth 
was the direct response to auxin stimulation. There was a 
relationship between the growth and bud activity at a later stage. 
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bud growth only occurring after callus growth had developed to 
some eictent. The production of roots occurred at a still later 
singe, and was the result of auxin stimulation and the balanced 
lelationship betw’een callus and bud activity. 

The fact that apical cuttings rooted more readily than did 
basal cuttings, indicates that the juvenility of a cutting is an 
aspect which must be given important consideration. 

Conclusion. 

From the investigation of the responses of the two varieties 
Delicious and Home Beauty to auxin stimulation, it is obvious 
that much more work must be carried out in\olving as many 
varieties as possible. 

It may be found that varieties of apples can be classified 
uith regard to their callus growth, the occurrence of which is 
a varietal characteristic, and their response to auxin treatment. 
On this basis separate treatments for Delicous cuttings and 
related varieties must be found. The problem with regard to 
Rome Beauty cuttings and possible related varieties is much 
more simple. 
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AN INVESTIGATION INTO THE CHEMICAL NATUKE 
OF FROST INJURY IN YOUNG MAIZE PLANTS. 

BY 

Leonora Reinhold. 

Abstract. 

This paper reported a jjhysioJogictil investigation into the 
nature of frost injury in young maize plants. 

A brief review of the literature wais presented, suininarising 
the current hypotheses explaining the cause of death fi*om cold 
and the theories accounting for resistance. 

Exposure to low tem])erature was observed to result in an 
increase in osmotic* pressure, in the electrical conductivity ot 
plant extracts, in dry matter content, in soluble nitrogen 
expressed us a j)ercentagi» of total nitrogen, soluble phosphorus 
expressed as a percentage of total phosphorus, and in sugars. 
The proportion of reducing to total sugars was decnuised. The 
increase in tlie proportion of soluble nitrogen and phospliorus 
apparently indicated cleavage of complex organic substances. 
Hydrogen-ion concentration was unaffected by continuous 
exposure. 

The changes indicated ubov(» ^vere obser\ed to increase pro- 
gressively with increased lengtli of the period of exposure. 
They a])pearcd to be closely related to the thawing process, 
and were not observed if harvesting followed exi)osure imme- 
diately. The changes reached maximum magnitude after a 
‘24-liour thawing ])eriod, and had diminished considerably 72 
hours after exposure. They were thus, to an extent at least, 
reversible. They w’ei*e more pronounced in plants thawed at 
.‘15° (\ than in those thawed at 28° C. The rate at which the 
plants w^cre cooled during exposure did not affect the magnitude 
of the physiological changes. 

Plants repeatedly exposed for short periods differed from 
those chilled continuously in the following respects: the 
osmotic pressure and sugar content of the repeatedly exposed 
plants were very low', not high as in the continuously exposed 
plants; the propoj-tion of soluble nitrogen in the repeatedly 
exi)Osed plants was extremely high; the ])H of these plants 
was also high; the proportion of reducing to total sugars was 
increased, and the water content not decreased. That the 
repeatedly exposed plants had not undergone any form of 
hardening process was demonstrated by the fact that their 
(chemical composition did not correspond to that of hardened 
plants. 

The plants exposed to continuous cold appeared to bo very 
much more severely injured than those repeatedly exposed for 



152 


SOUTH AFRICAN JOURNAL OF SCIENCE. 


short periods. This injury was apparently not connected with 
the breakdown of proteins, since the latter process, as mani- 
fested in an increased soluble nitrogen content, occurred to a 
greater extent in the repeatedly exposed than in the continu- 
ously exposed plants. The two sets of plants differed further 
with respect to sugar and water content. (See above.) The 
accumulation of sugars as a result of exposure is widely 
regarded as a protective mechanism against frost injury. It 
was therefore assumed that the injury of the continuously 
exposed plants was cdiiefly connected with the lowered water 
content. This finding emphasises the similarity between frost 
and drought injury. 
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TRANSPLANTING OF GRASSES: SOME OBSERVATIONS 

BY 
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The transplanting of perennial grasses from one habitat to 
another has so far not aroused much interest among botanists. 
It is, however, a most important process in a country depending 
so much on its grass cover as South Africa. ^lore knowledge 
and experience about the phenomena connected with it may 
prove to be important for a future and possibly much extended 
practice of grass transplantation. 

The factors involved in a change of habitat and new 
adaptations are complex and involved, and although they merit 
detailed discussion, space here permits only the observations 
concerned with my planting out of grass varieties from South 
and East Africa to the vicinity of Pretoria. The grasses 
belonged mostly to the genera Cynodon, Diyiiana and Panic um. 
All were selected for their ability to grow and spread quickl\ 
and so to achieve a good cover in a relatively short time. It 
is important for this purpose that the shock of transplantation 
should be overcome by the plant organism without undue delay. 
Success or failure depends chiefly on the reaction of the indivi- 
dual plant to the cessation or disruption of its water supply. 
The plant in its new habitat is threatened with water starvation 
if quick regeneration of epidermal root hairs does not restore 
tlie capacity for water absorption. This regeneration actually 
does take place, but it needs time, some days as a rule, and 
meanwhile the green parts of the plant lose most of their water 
through evaporation, wither and frequently die off completely. 
It is important that various grasses are so differently adapted 
to acceleration and retardation of their water metabolism. Some 
varieties transi^ire more quickly than others. As a rule 
varieties from arid regions are equipped with some mechanism 
retarding transpiration and consequently do not die off so easily 
when transplanted. This was found to be the case with some 
Digitaria spp. from Bechuanaland and South-West Africa, and 
also Digitaria var. Thompson's Falls, Panicum Makarikari strain 
and Acroceras macrum^ (Kazungula strain). In all cases the 
plants remained altogether green until new growth started. 
Special adaptation of the green parts may have combined with 
particularly vigorous growth of new root hairs. Old and new 
roots together, in about a week's time may obtain through new 
root hairs sufficient water for normal metabolism and new 
growth may start. In a number of varieties this process, how- 
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ever, took a much shorter time, about three days. This was 
observed in the ease of certain Star (Cynodon) grasses as well 
as Panicum spp. Much seems to depend on the time of the 
year in which transplanting takes place, spring being more 
favourable than autumn. Transplanting was, however, con- 
tinued successfully to the end of April. 

The majority of transplanted grasses, in many varieties 100 
per cent., become acclimatised and adapted to the new environ- 
ment. After the initial stage which takes one to forty days, 
and an average of three to seven days, the plant begins to grow 
again, i.e., the aerial parts start to regenerate and grow. This 
happens in different ways. Wherever growth starts while the 
old green parts have not withered at all, there it continues with- 
out any particular hiatus. Where on the other hand the green 
parts have died off altogether, there in many cases these old 
parts are abandoned and the plant starts by way of regeneration 
to develop completely new aerial parts, new primary meriste- 
matic tissues, directly from the i*oot stock. This l»as been 
observed with many plants of the Star grasses, as well as with 
Digitariu Marsibit strain, Digitaria Eldoret strain and others. 
The plants then look completely dead for some days or weeks 
until new green leaves break through and begin to grow. In 
other varieties again the process is different. While some aerial 
parts die off, others keep alive often the nodes, retarding their 
metabolism and adapting themselves temporarily to a small 
water consumption. In this case the plants may look dead too, 
while actually, at least in the nodes, some phloem cells remain 
alive, as well as some cells of the old meristematic tissue. In 
these cases, us soon as the root begins again to function, w^ater 
is brought up through the xylem and tlie aerial tissues which 
had kept alive take up their full function again, readapting 
their rhythm, becoming turgid and starting with photosynthetic 
activity. The old stems and leaves become again rigid and 
green. Details of this process are difficult to investigate. It 
was found in many instances that nodes with their leaves began 
to revive while lower intemodes still seemed dormant or dead. 
In these cases either the eye was deceived and strands of phloem 
at least had remained alive, even in seemingly dead stems, or 
else water reaching the nodes through dead strands of xylem, 
stimulated the plant to grow from the nodes in all directions. 
In this latter case possibly new phloem strands were established 
by meristematic tissues growing from the nodes and using the 
old dead cell walls of some internodes as temporary mechanical 
help, similarly to the growth of thyloses in wood. 

It was found that some grasses, when transplanted late in 
summer, concentrated on producing some inflorescences and 
were not inclined to surface growth ; among these were Digitaria 
Ngamiland strain and Digitaria Vanduzi Eiver strain. Other 
varieties do not flower at all before matting is achieved ; amongst 
these were Digitaria Bichmond strain and Digitaria Swazi- 
landensis. A case apart are the Star grasses. They spend their 
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first year mainly in spreading and coverage, come into fiower 
late or not at all, while they change their habit in the second 
year when spreading is discontinued through lack of further 
space and their aerial parts become more scanty and present a 
somewhat sparse but tough coverage. However, plants taken 
from such second or third year plots and transplanted, imme- 
diately start to grow with first year habit in the new environ- 
ment, spreading and covering rapidly. The old parts either die 
off or may be a positive hindrance in certain cases, retarding 
the quick coverage. Similar development was observed with 
other grasses, e.g., with Digitaria Oliphants River strain. Small 
plants of this variety first begin to grow spreading flat on the 
ground until a good matting is achieved. Then the growth 
thickens and mutual competition results in a thick lawn, about 
four to six inches high or even more. If cuttings are now taken 
and transplanted, it may happen that all the aerial parts die 
off; then from the root stock new flat growth will appear, 
attempting to cover the ground and to mat. If, however, helped 
by wet weather, the old stems and leaves do not die off, most of 
the new supplies from the roots flow into the older structures 
with the effect that matting is retarded. It is not claimed that 
these experiences constitute sufficient basis for any general 
scientific rule. 

Another group is formed by rhizomatous grasses, like 
Panicum repcna or Digitaria Marsibit strain and many kwe(*ks. 
The underground stems of these transplant very easily. The 
vigour of growth from their nodes is so strong that they adapt 
themselves very quickly to new conditions. Time has, however, 
to be allowed for underground growth until new aerial parts 
appear or begin to grow. 

It has been found quite generally that different root systems 
behave differently in transplantation. Star grasses, for example, 
quickly grow sim])le and strong root systems and easily 
develop new roots from their nodes, Cynodons with rhizo- 
matous stems develop a more intri(*ate subterranean system 
of stems and roots ; to do that they need more time and fre- 
quently one or two months until spreading commences. Some 
Varieties of Panicum develop root systems from nodes in their 
prostrately spreading flower stems and these roots may be 
transplanted as well as any others. 

So far the individual aspects of transplanting have been 
discussed. In a more general way, it has been found that 
transplanting from more favourable to less favourable conditions 
seems to have a lasting effect upon the plant’s organism. The 
plant then adapts itself to these conditions, i.e., to reduced 
water consumption, hard and dry soil, little moisture, possibly 
less carbon dioxide and a different soil micro-flora. The very 
same stock then retransplanted into more favourable environ- 
ment will react by thriving more vigorously and by showing 
all signs of new and successful stimulation. Two beds were 
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grown in each case with Digitaria Pongola Biver strain and 
Digitaria SwaxilandetiBis^ one bed transplanted from Bietondale, 
Pretoria, the other from Towoomba (Warmbaths), the latter 
place being less favourable to the plants. The Towoomba stock, 
however, originated from Bietondale, too; there was, therefore, 
no selection by way of seeding between these two stocks. The 
Towoomba plants in each case outgrew the original Bietondale 
stock in every respect, growing more quickly and more vigor- 
ously. It may be, of course, that the repeated transplantation 
by itself acted as a strong stimulant in both cases, and it is 
not intended to draw any scientific conclusion from this practical 
experience. This does not mean that any grasses from unfavour- 
able regions will thrive in better conditions. That is not the 
case. Though they adapt themselves in due course, plants have 
their natural limits and those from arid or semi-arid parts will 
not succeed in wet or marshy places, or at least not as desired. 

After successful transplantation, only experience in every 
single case can show if the plants will thrive and give the desired 
permanent cover. After initial success, the end may not be 
achieved for many reasons. Climatic conditions may prove to 
be too severe, water supply in particular may be insufficient, the 
soil may be unauited, the physical aspect may be wrong, ants 
may devour the new plants, local weeds and perennials may 
crowd them out and after a year or two little may be left. Other 
unexpected or undesired results may occur. On the other hand, 
there seems to be no doubt but that much improvement in 
coverage as well as in ])a8turage can be achieved by way of 
transplantation of grasses which are unsuitable for propagation 
by seed on a large scale. Better machinery and better technical 
devices may serve to make this operation easier and more attrac- 
tive. Though we are to-day still in the pioneer stage, the war 
may here at least prove to have some beneficial effect. 

Summary. 

(1) Transplanting of perennial grasses involves a heavy shock 
in the life of the plant. As a rule, new root hairs have to 
he grown until the plant’s water metabolism is restored. 

• 

(2) The plant has to adapt itself to the new habitat in many 
wrays and reacts to it in its whole structure. Transplanting 
often has a stimulating effect upon the plant. 

(3) Perennial grasses, in many instances, first begin to mat on 
new ground, whatever the time of the year may be. 

(4) Grasses which have been hardened up, grow more vigorously 
when transplanted again into more favourable conditions. 

(5) The ecological effects being rather complicated, more 
experimental results are required before any generalisation 
can be made. 
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DATA ON THE SUGAK AND STARCH CONTENT OF 
SOME FODDER PLANTS UNDER DIFFERENT 
PHYSIOLOGICAL CONDITIONS 

Preliminary Report 
BY 

Dr. M. Hbnrici. 

Head 28th June, 1943. 

It is well known that some of our best fodder plants, like 
lucerne and some grasses, suddenly prove poisonous to stock. 
Good fodder plants of the veld, e.g., TrihuUiH terrestris, show a 
similar behaviour. In spite of research work the conditions under 
which such poisoning takes place are ill defined, and any attempt 
to isolate a poison has been unsuccessful. In the past perhaps 
too much attention has been given to attempts at the isolation 
of a poison. To-day the problem is approaclied from another point 
of view. The veterinarian maintains that the disastrous qualities 
of lucerne, for instance, are due to an excess of fermentation. If 
this be the case, an investigation of the carbohydrates in these 
plants is essential, and, to begin with, of the metabolism of 
carbohydrates in the normal plants. When the normal content 
of the carbohydrates connected w^ith photosynthesis is known, 
then the disturbed metabolism under well-defined conditions of 
wilting or special treatment can be considered. 

In the present wwk the following ])lants were investigated: 
Lucerne, variety Hunters river and Pro\euce, Algerian oats 
and Trihulus tirrestris. The plants were cut in the morning 
after 10 o’clock, unless otherwise stated. To estimate the 
normal metabolism during the tw enty -four hours, on clear 
sunny summer days, the jdants were cut at 7 a.m., midday, 
7 p.m. and at midnight; stems, leaves and flow’ers being kept 
separate. The cut plants were immediately placed in alcohol 
to stop all enzyme reaction. Starch, sucrose, reducing sugars 
(fructose and glucose) were then determined. Different methods 
were tried for starch, the directions in Klein’s “ Handbuch 
der Pflanzen Analyse,” II/l p. 882 w’ere used. The diastase 
employed was an excellent Merck preparation. The disappear- 
ance of the starcli w’as controlled under the microscope with 
drops of Iodine-potassium iodide. The sucrose w’as estimated 
by Van der Plank’s method (Biochemical Journal, 1937), the 
invertase used being jirepared from anchor yeast according to 
Klein’s directions (fortunately the yeast did not contain any 
reducing sugars). 

The reducing sugars total were done by a Bertrand titration 
or separating fructose and glucose by Van der Plank’s method. 
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using hypoiodide for the oxidation of glucose. A word must 
be said about the clearing of the solution. At first the usual 
different lead acetates (normal, basic and bibasic) were used, 
but on the advice of Dr. J. E. van der Plank all solutions of 
reducing sugars were cleared with washed anchor yeast. 

My thanks are due to Dr. van der Plank for much advice 
in the sugar determinations. The practical work in the labora- 
tory and in the plots was done by Mr. T. van Coppenhagen, 
at the Fauresmith Veld Reserve. 

At the outset it can he stated that all the investigated 
plants contained starcli, although the actual amount in the 
different species varied greatly from ^ per cent, in the Gramineae 
to 7-5 per cent, in lucerne leaves. Cane sugar is also found 
in all the investigated species and generally in larger amounts 
than reducing sugars. Glucose and fructose are also found in 
all the species, but glucose often in only very small quantities. 
The possibility that in the Gramineae there is still another 
carbohydrate, fructosan, must not be overlooked, but up to now 
no other sugar has been isolated. 

Table T shows the figure^ for starch for the lucerne and 
Algerian outs. The two lucerne varieties do not behave exactly 
ailike. The leaves of ** Provence increase rapidly and having 
their niaximuin at noon, decrease in the late afternoon and 
during the whole night without ever becoming entirely free of 
starch. “ Provence stems follow the same rhythm. They 
contain, however, much less starch at any time. Strangely 
(*nough, the floweis have their starch maximum in the late 
fifternoon, decrease somewhat in the night, and greatly in 
daytime. The leaves of “ Hunters river lucerne have their 
starch maximum in the late afternoon. The starch decreases 
slowly towards midnight, more rapidly towards morning, and 
increases slowly towards midday. The stems of “ Hunters 
river " lucerne do not vary their starch content greatly, a small 
increase in the night is, however, noted. Flowers were very 
few and could only be collected once early in the morning, 
showing a starch content of over 6 per cent. 

As the two lucerne varieties grew in adjacent ])lots, and 
were equally watered, of equal age and were equally cut, it 
seems that the starch of “ Provence lucerne in the stem is 
more of ti transitory nature than in “ Hunters river.’* Htarch 
is apparently formed in the flower region as w’ell. Figures for 
sugars are not yet available. On the whole there is nothing 
unusual in the daily starch metabolism of these two lucerne 
varieties. 

The Algerian oat.s offer a very different picture. Quite 
apart from the fact that the leaves are very poor in starch, 
they are lowest in daytime and increase a little during the 
night. The haulms, on the other hand, have u midday maximum 
and a midnight minimum. There are three possible explana- 
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tious: (a) that actually the haulms do a lot of assimilation, 
or (b) that the assimilation products are translocated from the 
leaves immediately and temporarily deposited as starch in the 
haulms, or (c) a combination of (a) and (b) take place. The 
content of cane sugar is rather high, nearly 2 per cent., whilst 
there is very little reducing sugar, nearly all of it fructose in 
samples collected in summer time. 

The starch content of the two lucerne varieties during 
twenty-four hours agrees very well with the values obtained 
on fresh lucerne samples in the last 18 months. At different 
times strips of the well-established lucerne were allowed to 
wilt, then again watered to allow of recovery, the procedure 
repeated three to four times. Other strips were left wiltin« 
after the first drooping. Under no circumstances was the 
the lucerne allowed to get dry, the water loss was at the utmost 
20 per cent. Other lucerne was allowed to “ sweat,** or to be 
sundried before being killed by alcohol. The result is 
shown in Table II. Ill-treatment of the lucerne lowers the 
content of starch almost immediately. The leaves are more 
affected than the sterns. At times it appears that the temporary 
wilting lowers the starch content more than outright wilting. 
(The temporary wilting in this case means wilting from about 
10 u.m. to the evening.) 

Sucrose seems to be always in excess of reducing sugars. 

Sweating ** of lucerne, on small scale only, did not increase 
the sucrose content. Wilting, permanent or temporary, at time's 
nearly doubled the content of sucrose, at other times it prac- 
tically had no effect. In most cases, how’ever, when the starch 
content in the wilted plants had much decreased, the content 
of cane sugar had increased. But in a few cases of sundried 
lucerne the sucrose content was high, coupled with a high 
starch content. The general conclusion up to now is certainly 
that there is not a simple relationship between wilting, disappear- 
ance of starch, and increase of cane sugar. 

With regard to the reducing sugars, although they seldom 
reach 1*3 per cent, the variations arc considerable and ma> 
be of significance as a source of fermentable material. Tem- 
porary wilting w’ith a low starch content is often combined 
with a high content of reducing sugars, but not permanent 
wilting. On the other hand, a healtliy lucerne with a high 
starch content can also show a high content of reducing sugars. 
Again the relationship does not seem to be a simple one. It 
seems that in all samples fructose is far in ex(*ess of glucose. 
In some cases, especially in “ Provence ** lucerne, no glucose 
could be traced. In some fresh “ Provence ** lucerne a fair 
amount of glucose was found. A point worth noticing is that 
in summer, 1942 ( Junuary-March) , the sucrose content of my 
lucerne W'as much higher than in the corresponding months of 
1943, although in the previous year the lucerne was rather poor, 
and in 1943 in beautiful condition. 
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The findings about sugars at first seem bewildering, as also 
the poisonous qualities of the plants. Is there possibly a link 
between these two phenomena? 

There is not very much literature on the metabolism of 
wilted plants, yet the little is interesting enough. Some 21) 
years ago a.Bussian author, Iljin, found that photosynthesis 
was inhibited by wilting in all plants he examined. Respiration, 
however, was decreased or increased in different species. Yet 
the increased respiration was not regular; it dropped later, as 
food reserves decreased. These facts have to form the basis 
for our present discussion. Material for respiration are in the 
first line the carbohydrates. Decreased photosynthesis as well 
as increased respiration (which has first to be proved) accounts 
for the low starch values in wilted plants. It is possible that 
at the very start of wilting starch is dissolved and a good amount 
of sugar appears, but that this sugar is very quickly used up 
in respiration. It is not very likely that it migrates very quickly 
in a wilted plant, as migration is bound to free water, which is 
just what the plant does not have during wilting. 

It may be emphasised that the i>resent view is only a 
working hypothesis. Res juration experiments have to be com- 
bined with the sugar analysis and have to be extended for 
quite a time, to see whether, with progressive wilting, the 
re8i)iration increases, and in what way the sugar content varies 
in this process. 

The daily variations of the different sugars in fresh and 
wilted plants wdiich are at present under investigation may also 
throw more light on the subject. Although over fifty samjdes 
have been analysed, only a few reproduced the dangerous 
conditions in lucerne, and many more have to be analysed 
before a definite statement can be made. A priori it seems 
unlikely that with an increased resjjiration in wilting a high 
sugar content is maintained for any length of time. As no new' 
assimilation products will be produced during the wilting, the 
amount must be used up v\ithin a limited time, and it would 
not mean that each wilting or the whole wilting process would 
be combined with a high sugar content. There would be just 
a certain moment in the katabolism caused by the wilting where 
tlie polysaccharides are dissolved, and a larger amount of di- and 
monosaccharides are present before they are used up during 
respiration. If the increased content of fermentable sugars has 
something to do w ith bloating, then it would be at this particular 
moment. 

A point to be considered as w ell is whether the appearance 
of increased amounts of sugars combined w ith low starch content 
depends oi\ a definite water content resp. water loss of the 
lucerne. The water content of the plants w'as determined in 
all cases. It has first to be emphasised that the daily varia- 
tions in the water content is very different in lucerne from that 
in Tribulus or oats. Fresh lucerne has generally over 80 per 
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cent, water, and wilts when a few per cent, are lost, whilst 
oats can show variations of 30 per cent, without any exterior 
sign of wilting. Tribulus behaves similarly to Grainineae. For 
lucerne it has been found that the highest content of sucrose 
is associated with a loss of +15 per cent, water in the morning, 
a state found in temporary wilted and recovered lucerne. If 
more water is lost — which results in permanent wilting — ^the 
sugar content is again smaller. This result again seems to point 
to a definite ])hysiological state in which a liighei* sugar content 
occurs. 


TABLE 1. 

Starch. Changes in 24 hours. 



Date 

12 a.m. 

7 p.m. 

32 p.in. 

7 a.m. 

Lucerne : 

19 2<»/3/<3 



mm 


Hunters Hirer 






Ii(*aves 


4*04 


■SB 

3-ls 

Stems 

Lucerne ■ 

22 23/9/4 :i 

2-00 


2-25 

2-02 

J*iovem e 






Leaves 


7-02 

4-91 

5*59 

2*5 i 

Stems 


2-92 

l^■)8 

0*9 

2*14 

Flowers ... 
Algeiian Oats. 

19 20/3/43 

2- 75 

rc97 

5-14 

1*50 

l^javes 


0‘.55 

0-.51 

0*74 

0.70 

Haulms ... 


2-00 

(b74 

o*o:i 

* 0*90 


TABLE II. 

(’hangO'i ill Starch content of Lucerne bv different treatment. 


(Starch in % of dry matter) 


V^iricty 

Date 

No. 

Fresh 

Wilted 

Temporarv 
wilted and 
recoveri'd 

Sweatcsl 

Poor 

Huutefs 

Hin f 

12/4/42 

VAlMii 

2921 

2922 
2929 

4*0 

— 

1 6 

— 

2*07 

-• 

22/1/42 

2924 


0*59 

8 days 
wilt^ 

— 

— 

— 

- 

25/1/43 

27/1/43 

2990 

2994 

5*11 

2*9 

1 *85 

— 

— 

TUoreme ... 

30/1/42 

2927 

2928 

4*07 

— 

— 

2*77 

— 


27/1/43 

2992 
2999 . 
2389 

4* 70 

2'89 

2'89 

— 

— 

’ 1 


2119 

2417 

9*48 

2*02 leaves 
9*7.1 htems 

— 

— 

— 

1 « 

20/2/43 

2421 

2422 

■ 


0*84 leaves 
2*45 stems 

— 
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THE ALKALOIDAL CONTENT 'OF SOME DATURA 
SPECIES (STTNKBLAAR). 

BY 

L. S. Dyson and J. A. Coetzee, 

Botany Department, University of the Witivatersrand. 

head 38th June, 1943. 

Til tliis invest igrtt ion, D. Stramonium, from Ifietvlei, Trans- 
vaal aiul La(l>bran(l, 0.i\S.; and 7). TaLiila from Magalieaberg 
and Staiiderton were usi‘d. 

The most important alkaloid contained in stramonium is 
hvoscyamine, t\yIl 23 N 03 , which is converted to atrophine on 
heating in tlu* preseiu'e of weak alkalis. Hvoscyamine occurs 
in the free condition in the plant cells and is soluble in organic 
solvents such as ether and (diloroform. Th(‘ salts of this 
substance are water soluble. According to the British Pharma- 
cc'jKcia 1032, stramonium contains not less than 0*25 per cent, 
of alkaloids calculated as hyoscyamine. 

The drug consists of the dried leaves of Datura Stramonium 
and Datura Tatula. Stramonium has been knowm for centuries 
as a poison, and has been used medkdnally by Natives and 
Ihimpeans to relieve pain. Atro])ine is used in optic surgery to 
dilate the pupil of the e^e, and also to ease respiration. This 
ui’gently re(iuired drug was obtaiiual from hhirope before the war 
and the supplies have now been cut off. 

Pharmacognostical Characters. 

1). Tatula is anatomically and morphologii*ally identical wdth 
D. Stramonium, but has a purple anthocyanin in the stem and 
dower. Some autlioi’ities regard it as a distinct species, others 
ais a coknir variety of D. Stramonium. 

1 . Twx) types of hairs occur on the upper and lower surfaces 
of the leaves, these are, how^ever, not numerous in older leaves. 

(a) The slightly curved 3-6 celled uniserate hair with a 

bulbous basal cell and an acute apical cell. 

(b) The glandular type consists of a 1 or 2-celled stalk and 

head of 3-6 cells. There are fewer glandular hairs than 
uniserate hairs. 

2. The epidermal cells possess marked wavy anticlinal w alls. 
The stomata, which occur in abundance on the lower epidermis, 
are characteristically bounded by cells, one of w’hich is smaller 
than the rest. 

3. The mesophyll is characterised by a single row of narrow 
palisade cells. The spongy mesophyll beneath contains numerous 
needle crystals of calcium oxalate, which are spherically clustered 
together. 

4. The vascular bundles are bi-oollateral. 
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5. The cells of the cortical parenchyma and pith are 
typically large. 

Collection, ]>ryino and Assay. 

The leaves are collected at the flowering perioil and dried 
without the application of heat or exposure to sunlight until the 
moisture content is about 10 per cent. 

Full particulars of the method of extracting and estimating 
the alkaloids are given in the British Pharmacopeeia, 1982. 

Experience gained during the assay showed that variations 
ill procedure to a certain extent influenced the results. The most 
important points are as follows: — 

1. At certain stages of the assay the solutions have to be 
agitated. The solutions should be shaken as thoroughly as 
possible to ensure complete reactions. Emulsions are apparently 
not formed in this material. 

2. When the acid solution containing water soluble salts of 
the alkaloid is made alkaline, the salts are broken up and the 
alkaloids are liberated directly. The chloroform in which the 
alkaloids are then dissolved should be added immediately to 
ensure complete extraction of alkaloid from the alkaline solution. 

3. After the alkaloidal residue of the extract has been 

dissolved in 20 mil. of N/50 the liquid is conveniently 

transferred to a 100 mil. standard flask and made up to volume. 
Aliquots of 20 mil. are titrated against N/50 NaOH advantage- 
ously, using a microburette. 

4. If the N/r)0 acid solution (referred to under 3) containing 
the alkaloid is not clear, i.e., if it contains undissoved particles, 
the solution must be well shaken and left standing for a day or 
two so that all the alkaloid present in these particles can react 
with the acid. 

5. Difliculty may be encountered when using methyl red as 
indicator in the titration, since some of the extracts have a 
yellowish orange coloration. In such case the use of litmus is 
advisable. 

Eesults. 


Two samples of Datura Stramoniuvi and two sample^, of 
Datura Tatvla were analysed. The results were as follows: — 
Percentage of Hyoscyamine, 

1. Datura Stramonium cultivated at Eietvlei: 0-25 per cent. 

2. Datura Stramonium uncultivated at Ladybrand ; 0*21 per 
cent. 

3. Datura Tatula uncultivated at Magaliesberg : 0*24 per 
cent. 

4. Datura Tatula uncultivated at Standerton: 0-16 per cent. 

As will be seen, the alkaloidal content of the cultivated 

sample of Datura Stramonium from Kietvlei, was higher than 
that of, the uncultivated sample from Ladybrand. J. McNair, 
1941, found that nitrogenous fertilizers, such as farmyard 
manure and sodium nitrate, increase the toxicity of Datura 
Stramonium. The differences in the alkaloidal content between 
the two varieties of Datura are merely of the same magnitude 
as variations within one and the same variety. 
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THE CRANIAL AND VISCERAL OSTEOLOGY OF THE 
NEOTROPICAL ANURAN BRACHYCEPHALUS 
EPHIPPIUM SPIX. 

BY 

P. McLachlan, 

Zoological Institute, University of Stellenbosch, 


With 9 Text-Figures, 


Head 20th June, 1943, 

Introduction. 

Diuneril and Bibron, 1841 state that in 18*24. Sj)i\ 

fleseribed a certain frog as Bufo cphippiiim, but in 18*26, 
Fitzinger removed this species from tlie genus Bufo and lacated 
a new genus, Brachycephalus, for its reception; that in 186.1, 
Cocteau clianged the generic name to Ephippipher and 
erroneously created t\vo species; and that in 1868 Tsclnuli 
returned to Fitziuger’s nomentdature. This has been accepted 
by all subsequent authors. The genus Brachycephalus was 
included in tlie family “ Bufoniformes ** by Dumeril and Bibron 
(1841). Gunther (^‘’), however, established the family Brachy- 
cephalid(e which included three genera: Pseudophrync, 
BrachyccphaluH and Hemisus. Boulenger (*) did not accept the 
validity of this family and included Brachycephalus and 
Hemisus in the Engystomatuhe, whereas Pseudophtyne was 
leferred to the Bufonidee. This classification of Brachycephalus 
w^as retained by Gadow (“'*), Boulenger (') and Xieden (-"). 
De Miranda-Ribeiro (^) in his monograph on the Auura of Brazil 
recreated the family Brachycephalidce for the recej)tion of the 
genera Brachycephalus and Atclopus. Noble C*®) accepted this 
family, but expanded it to include a large group of small 
neotropical toads. The family as defined by Noble is composed 
of three sub-families, the Rhinodermathue, the Dendrohaiince 
and the Braehyeephalince, each of wdiich, according to him, has 
arisen from a different stock of Bufonids all of which, however, 
resided in the same general area. He, tlu^refore, considers the 
Brachycephalidce a natural, even though a composite family 
and defines it as: “ Procoela with the tw’o halves of the pectoral 
girdle partly or wholly fused in the midline ** (op.cit., p..505). 

As the above-mentioned descriptions of the genus are 
chiefly of a systematic nature they refer to external cranial 
features only. Chief among these are : the absence of palatal 
folds, the absence of vomerine, maxillary and premaxillary teeth, 
the circular choanae, the horizontal pupil, the fact that the 
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skin over the tympanum is not differentiated, the absence of 
the middle oar and the rudimentary nature of the Eustachian 
tubes (the last statement, however, is incorrect). Reference is 
also made to the secondary dermal ossifications fused to the 
neural spines of the second to the seventh vertebrae. Dumcril 
and Bibron (*®) erroneously regarded these dorsal shields as the 
fused dilated ends of the neural spines. Evidently these were 
the only investigators to notice tlic similarity in appearance 
between the dorsal bony shields and the roof of the skull, an 
observation which led them to suggest that the dorsal atid 
lateral surfaces of the skull are protected by a carapace similar 
to that on tlic back. 

Material and Technique. 

Specimens of Brachyccphalus ephippium were eolleetcd at 
Petropolis, Brazil, by the late Dr. A. Lutz and presented to 
the Zoological Institute of the University of Stellenbosch by his 
(laughter, J)r. Bertha Lutz, to whom wo wish to express our 
sincere thanks. Aftc^r the legs, arms and lenses were removed, 
tw'O specimens measuring respectively 22 min. and 162 mm. 
from snout to vent w’ere decalcified in IINO3 — alcohol, (7*5 ml. 
UNO, in 100 ml. 60 j)cr cent, alcohol). The acid w^as removed 
by placing the objects in 5 per (*cnt. solution of Na^S^.),, after 
which they were waslied in tapwater. The specimens were 
bulk-stained in borax carmine, embedded and the entin* bodies 
inicrotomised at 20ji and lOp respectively. The sections w^'re 
(‘ounterstained in Azan solution as supplied by (Iriibler. For 
the preparation of the graphical reconstructions, drawings made 
wdth the aid of the Paiipliot mi(*ros(*ope were projected onto 
graphed pap(»r ruled in millimetr(*s. 

The Olfactory Capsule. 

The structure of tlie olfactory capsules shows very little 
resemblance to that of most other Ayiura hitherto investigated. 
The capsules are especially characterised by the wide divergence 
of their anterior portions which reach well l)e^ond the se])tum 
(Fig. 1), and by more extensive and intensive ossification than 
that occurring in any otlier known Amiran. 

An anterior wall in the Gauppian sense is ahs(*nt, since 
the anterior tip of eacli nasal capsule, in this region occupied 
by the cavuin principale only, tapers to a blunt ])()int capped 
by the alary cartilage. The superior prenasal cartilage is a 
comparatively large medial appendage of the alary stretching 
from the dorsal jiortion of its median convex surface in a postero- 
ventral direction. Tt is attached to the alary by means of 
feeble chondrosis. The . cartilage supports the fa(*ial part of the 
premaxillary as in Rana (Fig. 2). 

The shape and relations of the inferior prenasal cartilage do 
not deviate from those obtaining in Rana. 

The oblique cartilage is Ranid, except that shortly anterior 
to tlie planum termiiialc its external surface is incompletely 
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covered by the downward sloping lateral wing of the bony 
nasal roof, most likely of the nasal hone itself. The slit between 
the bone and the cartilage serves for the transmission of the 
ramus lateralis narium (Fig. 8). 

The crescent-shaped alary is particularly large and occupies 
a position completely different from that in almost all other 
Anura, It resembles an inverted Eanid alary, its concave 

surface facing laterally instead of medially, in this way supplying 
a medial wall to the anterior part of the capsule. When 

examining the sections successively from the anterior end one 

observes that the cartilage increases dorso-ventrally and medio- 
laterally so that it forms a ventral and medial support for the 
vestibule and for the anterior part of the cavum principale 
(Fig. 2a). The external narial aperture which faces antero- 
laterally is, therefore, bounded dorsally by the tectum and 

ventrally by the lateral margin of the alary. 

The tectum appears in section, dorsal to and a short distance 
behind the anterior limits of the alary, enlarging posteriorly into 
a curved bone forming the dorso-lateral roof of the anterior part 
of the cavum principale. In the region immediately behind the 
external narial aperture the alary reaches its maximal dimensions 
and enters into a medio-dorsal synchondrotic union with tlu* 
tectum (Fig. 2a). This connexion is soon severed and the 
posterior part of the alary is reduced to a small, laterally 
compressed cartilage having a slightly concave lateral surface. 
It still participates in the formation of the medial wall of the 
nasal capsule (Figs. 2b and c). 

Posteriorly the crista intermedia, with which in this region 
solar elements may already be fused, substitutes for the alary 
as medial wall of the capsule. It arises anteriorly to the fenestra 
nasobusalis Irom the tectum of the preseptal region, whereas 
in Bana it arises dorsally to the fenestra nasobasilis from the 
anterior part of the tectum adjoining the septum. Its more 
anterior position in BrachycephaluH is evidently due to its serving 
as a medial for the capsule in the preseptal region. The 
crista intermedia is partially calcified and ossified and is directlv 
continuous with the lamina superior and with the anterior part 
of the lamina inferior. 

' The crista subnasalis is not a ventro-medially flexed process 
of the solum, but appears merely as an extension of its antero- 
lateral part. It is comparatively long, projecting forwards and 
slightly downwards, reaching to a point beyond the anterior 
limits of the superior prenasal cartilage. It should be noted 
that the functional floor of the capsule is not homologous m all 
forms. In the region where the alary has shifted irom a ventro- 
medial into a medial position, the underlying crista subnasalis 
forms for a short distance the nasal floor (Fig. 2b). In this 
region the anterior limits of the lamina superior and of the 
lamina inferior are incorporated in the crista subnasalis, since 
in the sections immediately following, the floor is differentiated 
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into two horizontal cartilaginous blades of which the upper is 
the lamina superior and the lower the completely fused lamina 
inferior and solum (Fig. 2c). The anterior part of the cavum 
medium is lodged between these blades. From recent investi- 
gations (in progress) Dr. C. A. du Toit concludes that a fusion 
of the lateral parts of the lamina inferior and of the solum as 
occurring in Arthrolcp tides and others, is to be regarded as a 
ncotenic condition. In the light of these conclusions the 
complete fusion of the structures concerned in Brachycephalus 
is, therefore, a very marked neotenic phenomenon. 

At first glance it would appear that the lamina inferior and 
the crista intermedia arc absent : the lamina superior being 
directly attached to the solum. A careful study, however, 
reveals that this unique condition is duo to the complete fusion 
of the lamina inferior and the posterior part of the crista 
intermedia with the underlying solum, the whole presenting 
itself as an upwardly and inw^ardly sloping plate medio-dorsally 
confluent with the preseptal part of tlic t-ectum. Accordingly 
the cavum inferius normally covered dorsally by the lamina 
inferior and the crista intermedia and ventrally by the solum, 
lacks a similar skeletal support in Brachycephalus. The medial 
portion of the inwardly sloping plate is well ossified (Figs. 3a 
and 3b). 

A fusion of the crista intermedia and the solum also occurs 
in Callulina (“**), but it seems to be less intimate than m 
Brachycephalus. The above-mentioned fusion and extensive 
ossification rendering the skull more rigid is undoubtedly an 
adaptation to a fossorial mode of life. 

The appearance in section of the fenestra nasobasalis is 
accompanied by a bifurcation of the bone representing the fused 
solum and crista intermedia. The medial of the tw'o limbs thus 
formed is continued posteriorly as the solum, to which the 
inferior prcnasal cartilage becomes attached, whereas the lateral 
limb, representing the crista intermedia, disappears from 
section (Fig. 3c). This bifurcation, therefore, indicates the 
separation of the solum and the crista intermedia as well as 
the posterior termination of the latter, so that the fenestra 
nasobasalis may be described as a paraseptally situated ftmestra 
piercing the solum immediately behind the crista intermedia. 

The lamina superior is a more or less rectangular blade 
attached medially to the median part of the lamina inferior and 
to the crista intermedia anteriorly to the crista subnasalis, 
whereas its posterior and its lateral margin are free. The latter 
is anteriorly invested by tlie septomaxillary (Fig. 2c). Posterior 
to the septomaxillary 'the infundibulum passes over the free 
lateral edge of the lamina superior to communicate with the 
cavum medium (Fig. 3a). 

At the anterior border of the fenestra choanalis the lamina 
inferior and the solum are separated from each other, since at 
this niveau the former is reduced to a laterally situated cartilage, 
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fused with the planum terminals, wheras the solum is continued 
backwards. 

Its lateral edge constitutes the medial border of the fenestra 
choanalis. Since the cavum inferius cannot occupy its normal 
position between the lamina inferior and the solum, it must 
necessarily occupy a markedly posterior position, being situated 
at the niveau of the fenestra choanalis and immediately behind 
the cavum medium. The fenestra choanalis accordingly affords 
exit to the anterior part of the recessus lateralis which then 
receives its main support from the frontal and palatal parts of 
the maxillary (Fig. 4a). 

The planum terminale fuses with the dorsally flexed lateral 
margin of the lamina inferior, whereupon the fused cartilages 
are continued posteriorly us a sagittally situated strip, of which 
(he dorsal edge becomes confluent with the lower margin of 
the ventrnlly projecting bony lateral wing of the roof (Fig. 4). 
Sections from the less strongly ossifled specimen reveal that this 
confluency actually occurs only with the tectal component of 
the roof. Tf, therefore, the tectum were to remain cartilaginous 
and free from the overlying bone, the dorso-latoral side of the 
cartilaginous nasal roof would reveal a fenestra bounded laterally 
by the oblique cartilage and the planum terminale. Similar 
conditions were described for Brevicepn (**), Prohrcviceps (^*), 
Speheophrijne (^*) and GalluUna kreffti (®®). Topographically 
this fenestra resembles the fenestra dorsalis of the Urodelan 
skull. 

The sagittal cartilage maintaining its confluency with the 
bony roof is continued posteriorly and ultimately passes over 
into the i»lanum antorbitale, in this way forming a lateral margin 
for the fenestra choanalis (Fig. 1). At the same time it forms 
a lateral su])poi’t for the weakly differentiated plica isthmi so 
that the cartilage resembles a processus lingularis of which the 
posterior limit is confluent with the planum antorbitale. 

In the less strongly ossified specimen the cartilage of the 
antorbital process is pierced immediately ventral to the foramen 
for the ramus orbitonasalis, by a small fenestra covered b^’ 
tubules of the ITarderian gland. Apparently it does not serve 
any particular function, and the absence of a similar fenestra 
in the otlu»r specimen must bo ascribed to the occurrence of 
sccondaiy d(*rmal ossification in the antorbital region. 

The septum is completely ossified and as far forward as 
the fenestra nasobasalis the ossification extends into the solum 
■although the latter becomes completely ossified only in the 
prechoanal region (Fig. 1). A somewhat similar ethmoidal solar 
ossification occurs in Hernia us (®) and Klosia (^*). 

An eminentia olfactoria ns such cannot be distinguished. 
Anteriorly to the choana a small cartilaginous process is attached 
to the lateral margin of the ossified solum (Fig. 1). This process 
projects into the fenestra choanalis, supporting, but not 
invaginnting the floor of the cavum principnle. Tlie process. 
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however, is not elevated and the overlying epithelium ib actually 
thinner than that of the roof and floor of the anterior part 
of the cavum principale, so that it is doubtful whether this 
part of the solum is at all related to u specialised eminentia 
olfactoria. Since Eainaswami has described an elevated 
eminentia in completely aquatic forms such as Ratia hexadactyla 
and R. cyanophlyctis, this condition for a form so terrestrial 
as Brachycephalua is, therefore, a further refutation of the 
.theory previously put forward by de Villiers and Helling 
that a pronounced elevation of the eminentia, as seen in the 
Bufonidm, Ranidee and Microhylidte is closely coiTclated with the 
fossorial mode of existence. 

The Membrane BoNifs of tub Nasal Ebgion. 

'The maxillary, the premaxillary and the septomaxillary are 
tlie only membrane bones to be distinguished as such, the others 
being absent or incorporated in the extensive ethmoidal 
ossifications. 

Practically the ^vhole of the nasal capsule is covered both 
dorsally and laterally by a massive bony roof provided with 
marrow cavities and in which the following structures arc most 
probably incorporated: ossified tectum, os en ceinture, nasals, 
anterior portions of the frontoparietuls, together with a varying 
.amount of secondary dermal ossification. In this respect 
Brack ycephaluH some^\hat resembles th(» adult Hemiaua (**) in 
which the chondrocTanium is extensively ossified and fused with 
the covering dermal bom^s. The se(*ondary dermal ossificiiliou 
occurring in the cranial region ])roves to be identical with that 
over the back of the animal. Further reference to this will bo 
made later. 

A more exact determination of the components of the bony 
roof is rendered })ossible by an examination of the skull of the 
specimen in which tin* cartilage and cutis arc less strongly 
ossified. The nasal bone investing the cartilaginous tectum is 
identifiable at tlic level of tlie choana. 

Corresponding to the capsules the bony nasal roof likewise 
divides anteriorly into two divergent squames each partly 
overlying the preseptal portion of rtie capsule (Pig. 1). The 
anterior part of the tectum remains cartilaginous and is overlain 
by the bony roof, but more posteriorly it ossifies and fuses with 
the latter. Judging from its topographical position this part of 
the roof is the anterior part of the nasal (Fig. 2). 

A fairly deep, broad median groove passing anteriorly into 
the space between the two separated capsules, characterises that 
part of the roof above tlie anterior end of the septum. Tt is 
occupied by tubules of the intermaxillary gland. This groove 
mav have resulted from the separation of the divergent squames 
of the roof occurring more posteriorly than the point of 
separation of the capsules, so that the* dorsal surface of tlie 
septum actually constitutes the floor of the groove (Fig. 1 and 
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Fig. 3). A definite solution is, however, impossible owing to 
the bony continuity of the roof with the septal ossification. 

The external surface of the nasal roof is characterised by 
numerous bony asperities. The studded appearance of the roof 
is due to its fusion with numerous separate ossicles arising in 
the overlying cutis fibres as a result of secondary dermal 
ossification. The nasal is apparently of a similar nature in 
Scaphiopuft holbroohii and S. solitarius (’**) and in Galypto- 
cephalus (®®). In the specimen of Bvachycephalus in which the 
cutis is less ossified the nasal exhibits a smooth surface. There 
is no contiguity between the frontal process of the maxillary 
and the nasal. 

Since there is no trace in the adult of the vomer or of 
the palatine, developmental stages will have to be investigated 
with a view to determining whether these bones are altogether 
abse)it or are reduced and incorporated into neighbouring 
structures. Somewhat similar conditions obtain in Hemiaua, 
but de Villiers (®) found that the remains of the nasals and of 
the vomers could be located in a juvenile, but that the palatine 
was absent. The os en ceinture invades to a marked degree 
the cartilage of the processus antorbitalis so that the latter may 
functionally replace the palatine. Similar conditions accompanied 
by the absence of the palatine obtain in Scaphiopus holbroohii 
and Megophryn major (•’*). Ramaswami, however, points out 
that the absence of the palatine cannot be correlated with the 
ossifications of the antorbital region, as the bone is also wanting 
in species of Microhyla even though the antorbital process is 
not ossified. 

The septomaxillary assumes the form of a thin vertical 
column on a pedestal broadening out anteriorly, medially and 
post(*riorly. The vertical column supports the lateral wall of 
the anterior part of the infundibulum. The pedestal rests upon 
the dorsally flexed lateral margin of the lamina inferior, while 
its medial extension invests the anterior part of the lateral edge 
of the lamina superior (Fig. 2c). The relation between the 
bone and the cartilage is very intimate, so that practically all 
traces of intervening connective tissue have disappeared. This 
is particularly noticeable between the septomaxillary and the 
calcified lateral edge of the lamina superior. It is remarkable 
that the bone bears no relation to the ductus nasolacrimalis as 
it does in Rana and most An^ura, It disappears from section 
well in front of the region where the duct passes out of the cavum 
medium. 

Both the maxillary and the premaxillary are edentulous. 
The latter is characterised by a very large horizontal plate 
reaching anteriorly far beyond any other skeletal part of the 
snout, and resembling a large palatal squame projecting forward 
from the facial part of the premaxillary (Fig. 1). A structure 
similar to this anterior squame has not been described in other 
Anura : it is most j)robably a secondary adc^tation to the 
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fossorial mode of life. The rest of the premaxillary is Banid in 
structure as are also its relations to neighbouring skeletal parts. 

The anterior process of the maxillary reaches very far 
forward, but the premaxillary even farther so; this condition is 
presumably to be interpreted as an adaptation to fossorial life. 

The Sphenethmoid Beoion. 

It is impossible to determine the anterior or posterior limits 
of the 08 en ceinture since it is in entire bony continuity with 
the adjoining parts of the skull. The posterior portions of the 
nasal cavities reach backward beyond and below the anterior 
limits of the brain cavity, so that the olfactory nerves enter 
the olfactory capsules dorso-medially. Similar conditions obtain 
in Elachistocleis ovalis (•***) and Microhyla caroUnensis (^®). 

In the less extensively ossified skull the anterior part of the 
fused frontoparietals is separated from the os en ceinture by 
intervening connective tissue, but in the other specimen the 
two stnictures are inseparably fused with each other, so that 
a section of the sphenethinoid region presents a complete bony 
ring. 

The Ohbital, Otic and Occipital Bboions. 

Medially the frontoparietals are in bony continuity with 
cacli other and laterally w ith the ossified side w^alls of the cranial 
cavity. The cranial floor is likewise completely ossified, so that 
throughout the sphenethmoid and orbital regions the neuro- 
cranium appears in section as a complete bony ring. Medial 
fusion of the frontoparietals also occurs in Philanfua 

peterni (®^), Nectophrync misera (®‘’) and Elosia nanus (**), 
although in Elosia, and evidently in Philantvs and Nectophryna 
as well, the bones are not fused throughout their entire lengtli, 
so that they include a fontanelle between them. The anterior 
and posterior limits of the frontoparietal bone cannot be located, 
since the bone is confluent with the osseous roofs of the nose 
and of the otic and occipital regions. Accordingly we arrive 
at the singular condition in which practically the entire skull 
is roofed by one complete bony structure, composed of different 
elements and devoid of any fontanelles. In the less ossified 
skull the anterior tips of the fused frontoparietals overlap onto 
the sphenethmoid region and are separated from the nasal roof 
and the os en ceinture by connective tissue. Bony asperities, 
similar to those of the nasal roof also characterise the roof of 
the orbital and occipital regions. 

In the region of the otic capsule, a well-developed down- 
w ard sloping wing of dermal ossification extends from tlio roof 
of the skull and overhangs the capsule. Posteriorly this 
overhanging bone becomes a massive structure attached to the 
lateral wall of the auditory capsule, and is provided with 
large marrow cavities (Figs. 5, 6 and 7). Its connexion with 
the skull is severed at the level of the jugular foramen only. 
The structure is continued posteriorly, disappearing from section 
together with the condyles. 
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Silico a cartilaginous tectum syiioticum cannot be 
distinguished, it is possibly ossified and fused with the overlying 
and adjacent bones. There is no trace of either the teenia tecti 
transversalis or the taenia tecti medialis. As the development 
of the skull is not known, it is impossible to determine whether 
the cartilages arc not represented, as is very often the case, 
or whether the bone arising from them is incorporated in the 
neighbouring ossifications. Ossification of tlie tsenise and 
subsequent fusion with tlie front oparietals occur in Elosia 
naavs (^®), whereas ineipi(‘nt encliondral ossification of the taenia 
tecti medialis is described for ArthroleptcUa (®) and Anhydro- 
pliryne (”). Pentz (•*^) points out that the theory of some authors 
that the tienia tecti transversalis, when lacking, has been 
incorporated in the tt‘ctmn synothaim appears unlikely, since 
de lleer (19?17, p.204) has shown that in liana the taenia tecti 
trails v(‘rsalis originates from a median iinpainal chondrification 
which interconnects tin* two pilie aiitoticse. From the above 
it is clear tliat the homology of the “ dorsal fenestra ** cannot 
he established in Bi'achycvphalua, 

The parasphenoid, although fused to the ossified cranial floor, 
can, however, at intervals be distinguished as such by its more 
intensive ossification. Tn the less ossified skull, in which the 
ci'anial floor is onl;y perichondrally ossified, the bone can be more 
definitely located. It is t.>pically dagg(n‘-shaped, the lateral 
wings supporting the auditory capsules. 

The foramina of the orbito-temjioral region show no 
significMut divergences from the Itanid condition, except that they 
are all surrounded by bone. 

The otic capsule is intensively and extensively ossified as 
in Iloniaua (®) and Kloaia (^'’). The pro-otic is ankylosed to the 
oxoccipital, presumably by the ossification o*f the cartilago pro- 
otico-occipitalis, so that mutual boundaries cannot be determined. 
Tn the less ossified specimen, traces of the latter can be located 
as perichondrally ossified cartilage. The septum between the 
capsule and the brain cavity is also ossified, although small 
patches of residual cartilage occur (Fig. 5). 

The endolymphatic foramen is situated above and in a line 
midway between the tw'o foramina acustica, all of them being 
surrounded by bone. Large manmv cavities are plentiful in tlie 
ventrolateral wall of the capsule (Figs. 5, 6 and 7). The well- 
developed lower ledge of the fenestra ovalis as well as a part of 
the capsular floor at the pseiidobasal articulation remains 
cartilaginous (Figs, fib and 0). 

In both specimens examined there is only one large 
perilymphatic foramen of which the posterior part is somewhat 
ventrally disposed, opening into the anterior part of the jugular 
Iissure. The latter occupies the normal position postero-ventral 
to the otic capsule. A single penlymphaiic foramen is the 
normal condition in the Qymnophiona and in the Urodela, but 
a unique feature among the Anura, 
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The region of the fenestra ovalis has an extraordinary 
np])earance in section, due to the extreme development of its 
cartilaginous lower margin, of which the lateral edge is dorsally 
licxed, M) that u particularly large and deep fossa fenestree 
ovalis is formed (Fig. 6). Anteriorly the dorsally flexed portion 
of the ledge is actually confliumt with the anterior and antero- 
dor.sal ]nargins of the fenestra ovalis, so that the anterior part 
of the fossa fenestra ovalis is transformed into an extra-capsular 
cavity into which the anterior part of the fenestra ovalis opens. 

The Auditory Skeleton. 

A'^ in Aficaphiis (^‘'), lAopclma Bonihina (“’) and 

Hcnnsua ('•), the middle car, tympanic membrane, annulus 
t\m]).niicus, ]<histachiaii tubes and plectral jipparatus are absent, 
an o]n‘n*ulum, however, being present. Tn Cacoafernum nama- 
(juv)iHC (‘") similar conditions obtain, i“XC(‘pt that thi» Kustachian 
tub(‘s .ne present. 

The op(‘rcnlum is markedly well-developed, remains 
cartilaginous and occupies most of the space of the fossa 
t('nestrae ovalis. Its anterior portion projects a short distance 
ijdo tlie extracapsular cavity (Fig. Ob and c) and as in the 
Liopdinidff the operculum does not fill the anterior part of 
the fenestra ovalis. This part of tlie operculum is medially 
eonca\e and saucer-shaped, whereas posteriorly it assumes the 
sluipe of a tapering rod reaching backwards beyond the jugular 
for.nieai. Owing to tlie indifferent state of preservation of tla* 
('pitheliuni it was impossible to trace the extent of the ductus 
fenestrip vestibuli. The operculum is in synehondrotie continuity 
with the postero-dorsal rim of the fenestra ovalis (Fig. Od) and 
for some distance behind the fenestra with the otic capsule. 

As in ilemisns (®), Ascafdma (^®), Linpolnia (^‘*), Bpelar- 
ophripir and Klachiftincleia (•’^) the musculus levator scapuhe 
suiieiiov is opercuhirised, a condition which would, according to 
(le Villifi's (*’), indicate increased terrestrialisation. The muscli* 
is alta(*hed to the posteriorly directed rod-liko portion of the 
o])erculuiji, so that the latter apparently corresponds to the 
lateral knob developed in other forms for the attachment of this 
mus(de. I'hei*e is no encroachment of the scapular region onto 
the otieo-oceipital portion of the skull as in Hemiaua (®), 
Asicaphua (*®) and Bombina (^**). Dc Villiors (*) suggests that 
tills peculiarity of these genera “ is probably due to the need 
of proximity between the suprnseapula + cleithrum and the 
operculum, so that the sound may ho conducted along the 
shortest possible route on its way to the operculum.** (p.324.) 
Perhaps this need of proximity between the scapula and the 
o])erculum necessitated the marked posterioi* extension of the 
operculum in Brachycephalua. 

The Palatoquadrate and the Suspensorial Beoion. 

As in Spelaeophryne (**) and Callvlina (®'’) the maxillary is 
a sliort 1)0110 investing only the anterior part of the pterygoid 
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process laterally, and not extending posteriorly beyond the optic 
foramen, so that the subocular arch largely consists of the 
pterygoid process and the pterygoid. The bone separates from 
the pterygoid process in the region of the angle of the mouth 
and terminates posteriorly as a tiny splint-like process under 
the skin, lateral to the masticatory muscles. 

Up to the oral angle the pterygoid appears in section as 
a small dorsal investment of the pterygoid process, and where 
the latter merges into the quadrate process the pterygoid shifts 
from a dorsal to a medial position (Fig. 6a and b). In this 
region the connective tissue separating the bone and the cartilage 
disappears so that the pterygoid simulates perichondral ossifica- 
tion of the quadrate (*artilage. Towards the articular region the 
bone is fused to the perichondial and enchondral quadrate 
ossifications. 

As in Hemifius (•), Ascaphus (^*), Liopelma (^•), Spelae- 
ophrync (^*), Breviceps and Probreviceps and Gallulina (*•), 
the quadratomaxillary (—quadratojugale) cannot be located. In 
the lAopelmxicB and in Btachycephalus the pterygoid and the 
paraquadrate do not fuse, as they do in the other cases in which 
the quadratomaxillary is absent, so that it is doubtful whether 
the fusion of these bones is to be associated with the absence of 
the quadratomaxillary as was suggested by de Villiers (*^). 
Boux states that it is possible that the quadratomaxillary may 
actually be present in CaJhiVma, but that it is fused with the 
\entral part of the paraquadrate as in some specimens of Rana 
grayi (*®). Should such a fusion occur, it is clear that the 
quadratomaxillary can easily be overlooked, especially when it 
is not produced forwards beyond the paraquadrate. Thus de 
Villiers (*^) points out that although it has been generally 
assumed that gymiiokrotiaphic Urodclca such as Amhyntoma 
and HynobiuHf lack a quadratomaxillary, they actually possess 
the bone and that it bears the same topographical relations to 
the pars quadrata and to the paraquadrate as in Anura, but 
that it is not produced forw’ards in the direction of the maxillary. 
It would, therefore, perhaps be wiser to consider developmental 
data as essential before making any definite statement as to the 
absence of the quadratomaxillary. In HypogeophiSt de 
Villiers (”), working upon Prof. Marcus’s material demonstrated 
the presence of the bone in developmental forms. 

The most striking feature of the pars quadrata and its 
relations to the skull is the absence of the otic process and of 
the crista parotica. In the less ossified specimen there occurs 
immediately antero-dorsal to the pseudobnsal articulation a well- 
developed syndesmotic connection between the otic capsule and 
the paraquadrate, whereas in the other specimen the connective 
tissue stretches between the capsule and that part of the 
paraquadrate invading the antero-dorsal part of the pars 
quadrata. In both specimens the distal attachment of the 
connective tissue is situated in the region where the two posterior 
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rays of the paraquadrate meet (Fig. 5a and b). It would appear 
that since the paraquadrate and the quadrate are intimately 
united, the connection has a suspensorial function, even if the 
connective tissue is not attached to the pars quadrata itself. 
The absence of the otic process and of the crista parotica is an 
extremely rare feature among the Anura, the only other instance 
described in wliich similar conditions obtain being Acria gryllus, 
referred to by Stadtmiiller (^®). Here too, a syndesmotic con- 
nection is said to exist between the quadrate and the otic capsule. 

The pseudobasal process is well-developed and remains 
cartilaginous, except for small patches ol perichondral bone 
probably representing isolated parts of the pterygoid. Tt 
articulates over a broad surface with the otic capsule (Fig. 5b) 
and is in synchondrotic union with the cornu hyale. 

The pars quadrata is intensely ossified, largely owing to the 
marked invasions of the pterygoid and especially of the 
paraquadrate. Subosseous excavations of the cartilage appear 
in the anterior parts (Fig. 6b); towards the articular region the 
quadrate cartilage shows a perichondral bony margin and a largo 
central marrow cavity completely lined by enchondral bone 
(Fig. 7). The extreme tip consists exclusively of cartilage. 
Similar conditions obtain in the pars quadrata of Hemisua 
It has been assumed that in the majority of the Anura the 
ossification of the quadrate cartilage is initiated by the quadrato- 
maxillary, an assumption which seems to be borne out by the 
fact that in forms like Breviceps ('*), Spclaeophryne (^*) and 
Gallulina (’•) which lack a quadratomaxillary, the quadrate 
cartilage remains unossified. De Villiers (^^), however, rightly 
points out that he is not confident about the possibility of proviiig 
that the ossification of the pars quadrata is not autochthonous. 
In his work on Cacosternum (^®) he describes a condition in which 
the pars quadrata is unossified although the quadratomaxillary 
is, histologically speaking, in an advantageous position to cause 
enchondral ossification of the cartilage invested, wliereas in 
Aacaphuft (^®) and in Liopclma (‘*), both of which lack a qiiadrato- 
maxillary, a genuine os quadratum is present. In Hemiaua (®) 
and in Brachycephalua, a true quadrate bone probably exists 
together with the ossifications from the paraquadrate and the 
pterygoid. 

The paraquadrate of Gaupp (-= squamosal auctorum) is a 
large triradiate bone. Its anteriorly projecting zygomatic process 
is the smallest of the three rays and is surrounded by masticatory 
muscles, some of which are attached to it. Of the two posterior 
rays the particularly large lower one is intimately fused onto 
the pars quadrata, whqreas the upper, in the absence of the 
crista parotica projects freely in a postero-dorsal direction. Its 
distal end is lodged between the outer wall of the otic capsule 
and the overhanging wing of dermal ossification (Fig. 7). Large 
masticatory muscles extend between this process and the 
Mechellan cartilage. 
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The Lower Jaw. 

The mfrarostral portion of Meckel’s cartilage is calcified, 
but not enchondrally ossified. The perichondral ossification, the 
inentomandibular, is fused to the dentary. The syniphysial 
cartilage is also calcified so that it has presumably lost much 
of its elasticity. The rest of the lower jaw conforms to the 
Ranid type. 

The Hyoid Apparatus. 

The structure of the hyoid apparatus deviates considerably 
from that of the typical Ranid condition as described by Gaupp 
(1896). 

The corpus hyoideiim is of a narrow, elongated shape, its 
length being slightly greater than twice its least width. The 
processus anteriorea are particularly long and straight with their 
anterior tips turned slightly inwards. This marked development 
of the anterior ])rocessos does not (*orrespond to the condition 
in the other genera (Dendrophryniscus, Oreophrynella and 
Aiclopua) of Noble’s subfamily, Brachycephalinff, in which these 
processes are absent in the species described by Trew^avas ('*) 
and by Badenhorst (^). (Only in the case of Atelopuf^ igucscens 
Trewavas describes a small anterior process which ma\ form 
a loop by fusion with the hyale.) Summing up her observations 
on the hyolaryngeal structure of the BrachyccphaUdcPy Trewavas 
states (p.517): “In sum, a knowledge of the h\olar\ngeal 
apparatus of five geneva of the eight in Noble’s BrachyccphaVidcB, 
makes doubtful any special relationship between Brachyrephahis 
on the one hand and Dendrophryniscus, Oreophrynella and 
Atelopus on the other.” Tt might be mentioned here that the 
hyoid apparatus of the Dendrophrynisevs group is \cry ’similar 
to that of Bvfo, in whicli the anterior processes are usually also 
missing. 

The opinion has been expressed that the ])hvlngonetic 
importance of the ])roc<'ssus anterior is negligible, since the 
structure is particularly subject to modification : Striking 
variations occurring even in members of the same genus or 
species ('’^). This, however, concerns variations in sliaiie and 
structure of the process, not its presence or absence. 

The alary and especially the postero-lateral ])rocess are much 
reduced, both appearing merely as laterally extended margins 
of the cotpus. The complete abseiK’c, or highly reduci‘d state 
of the postero-lateral process is common to all the species of 
Brachyeephalina: described b^^ Trewavas, as well as to Aielopits 
morcirce (^). 

The dorsally flexed processus thyreoidci (postcro-medial) 
div(*rge very widely from each other. They are comjdctely 
ossified perichondrally, except for small cartilaginous distal 
epiphyses. As a result of the wide divergence of these ])r()cesses, 
which may be ascribed to the shortness of the skull, the larynx 
not only extends posteriorly well beyond the thyroid processes, 
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but its anterior portion overlies the posterior border of the corpus 
hyoideum. 

Each cornu principale is a slender cartilaginous rod extending 
latero-posteriorly, then curving round antero-dorsally and 
becoming confluent with the pseudobasal process of the palato- 
quadrate, where the latter articulates with the otic capsule. 
Similar conditions obtain in Aielopua moreira: (*) and in 
Microbatrachella ('*). 

The Caktilaginovs Larynx. 

The dorso-ventral axis of the arytsenoids and of the cricoid 
IS nearly vertical, differing from the typical condition, in which 
the axis slants dorsal ly backwards. The arytsenoids form a broad, 
flat dome, situated between the widely separated postero-medial 
processes of the hyoid. Their inner surfaces are smoothly 
concave, corresponding to the convex contour of the outer 
surfaces. From each arytjpnoid a single short apex (prominentia 
apicalis) projects anteriorly and slightly upwards. In Rana 
GHCulvnia^ Gaupp describes a promineniia dorsalis and a 
prominentia ventralis bounding an incisura apicalis between 
them, the latter containing a small separate conical cartilage 
apicalis, which Blume (*), however, proved to be a prominentia 
intermedia of the arytsenoid. It is difficult to homologise the 
single apex in Bmchycephalus with one or more of the three 
prominentiae mentioned above. A separate minute cartilage in 
the apical zone of the arytaenoid (cartilago Santorini of Blume) 
is not present. A wide gap formed between the dorsal ends 
of the arytaenoids is almost completely bridged by largo dorsal 
pulvinaria vocalia so characteristic of the lianids. The \entral 
pulvinaria are smaller. Jn tlie basal rim of the arytienoicl, a 
wide incision situated to^^a‘rds the dorsal side resembles the 
incisura articidaris \\lncli Blume describes for species ot Bufo- 

The i*rieoi(l (cartilago crieo-trachealis of Gaupp) forms a 
complete, more or less elliptical ring, of which the ventral portion 
])asses to the inside ot the corresponding basal rim of tlu* 
aryttenoid dome. Of the three Ganppian processes (])r. articularis 
posterior, i)r. articularis anterior and pr. muscularis) of the pars 
ci*ieoidea of the cricoid, it was not possible to distinguish the 
anterior one in the material examined. Trewavas (*') desciibes 
all three processes in Bmchycephalus ephippium. The connec- 
tion between the arytienoids and the cricoid is syndesmf)tic. The 
lateral ares of the cricoid ring lias a marked lateral extension 
(thus conditioning the elliptic shape of the ring) to form the 
tnbercula h\oidea (Blume ’s iioiiienclature) for the attacliment 
of the ligamentuin l\yocricoideum. Thesi* tubereulfi are not 
contiguous witli, or in close proximity to the thyroid ])rocesses 
of the hyoid, but a well-developed ligamentous Inocricoid 
union is established by means of the h^'oericoid ligament, which 
is attached to the' cartilaginous distal end of the thyroid process 
(Fig. 0). Trewavas describes the h.'socricoid union ot Hrachy- 
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cephalua ephippium as being intimate and of a unique type, 
consisting of a spoon-shaped lateral process of the cricoid, fitting 
over the end of the thyroid process. 

The spina oesophagea of the cricoid is of moderate length, 
but the bronchial process (processus trachealis + processus 
pulmonalis of Gaupp) is absent. Here too, our observations 
differ from those of Trewavas, who describes the bronchial 
process as being represented by a minute vestige on one side 
of the cricoid. 

The cartilago basalis is absent. 

Discussion. 

Some features of the cranial anatomy of Brachy cephalua 
merit further discussion. 

(a) It is remarkable that the greater part of the olfactory 
capsule appears in section before the septum. It may be well 
to recapitulate the structures situated in the preseptal portion 
of the capsule: superior and inferior prenasal cartilages, alary, 
oblique cartilage, cartilaginous part of the tectum, lamina 
superior, crista intermedia, crista subnasalis. septomaxillary, 
premaxillary, external narial aperture, as well as the anterior 
portions of the lamina inferior, solum, maxillary, nasal, cavum 
principale and cavum medium. The separated condition of the 
nasal capsules in the preseptal region, also obtaining to a less 
pronounced extent in Elachiatocleia (®^) is strikingly reminiscent 
both of the nasal capsules of Urodela as well as those of larval 
Anura, Describing the development of the chondrocranium of 
Ambysfoviaf de Beer (1937, p.180) states: “An important 
feature is the fact that each nasal capsule is completely separate 
from the other and has its own medial wall, for there is no 
nasal septum, its place being taken by the cavum internasale. “ 
Dealing with the development of the chondrocranium in Rana 
fuaca, de Beer writes: “ Dorsally the hind end of the nasal 
septum is continued on each side into the flat roof of the nasal 
capsule or tectum nasi. This grows forwards somewhat 
independently of the septum, so that anteriorly on each side 
a sort of cupola is formed with its own medial wall which then 
becomes attached to the septum. This point is of importance 

for the comparison between Anura and Urodela It is 

clear that the nasal capsule of the frog (and of Anura generally) 
is highly specialised (largely owing to the fact that during larval 
life the trabecular horns are involved in the support of the 
suprarostral cartilages) and markedly different from that of 
Urodela, A closer approach to the condition in the latter would 
result if in Anura the nasal septum were to disappear.” 
(0p.oit.p.204 and p.206.) The space between the inner walls 
of the nasal sacs would thus correspond to the intemasal space 
of the Urodelea, Born’s (®) description and diagrams on the 
olfactory capsule of the larva of Pelobaiea likewise exhibit a 
marked resemblance to the Brachycephalua condition. 
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Viewed in the light of ontogeny the conditions obtaining 
in Brachycephalus, and to a less extent in Elachistocleis, would 
suggest, as already pointed out by Pentz (®^), a neotenic condi- 
tion. In the case of Brachycephalus, however, we should not 
disregard the possibility of specialisation in this particular 
respect. The condition might be explained by assuming that 
the lateral portions of the capsules were brought forward beyond 
the septum in order to form, with the aid of the large anterior 
premaxillary squames, a shovel-shaped structure at the tip of 
the snout as an adaptation to the fossorial mode of existence 
(Fig. 1). If this interpretation is tenable, it casts light on the 
peculiar position occupied by the medially directed superior 
prenasal cartilages. The assumption that the bihd condition of 
the nasal capsule is an expression of the retention of a larval 
condition caused by the exigency of a fossorial mode of life 
leads one to infer a similar adaptation for the larva. 

(b) It has been pointed out that the fusion of the solum 
nasi with the lamina inferior and sometimes also with the crista 
intermedia is to be regarded as neotenic. This condition varies 
ill its degree of extensiveness and Brachycephalus would 
represent an extreme case, unknown among other Anura, since 
here the fusion is so complete that no space for the accom- 
modation of the nasal cavities normally situated in this region 
is allowed, either betw'oen the solum and the lamina inferior, 
or between the solum and the crista intermedia. Thus in 
Brachycephalus the recessus medialis lies directly posterior to 
the crista intermedia instead of ventral to it (Figs. 3c and 4a), 
and the recessus lateralis is situated at the niveau of the 
fenestra choanal is and posterior to the fused solum and lamina 
inferior, whereas in a form like Elachisiocleis in which the 
solum and the crista int(‘rmedia separate more anteriorly than do 
the solum and the lamina inferior, the recessus medialis extends 
fiirtlier forward than the recessus lateralis. The position and 
the extent of development of the above mentioned nasal cavities 
in Brachycephalus are reminiscent of the relations obtaining in 
larval Aiiura ('”') and (iranting that the architecture of the 

nasal capsule is dependent upon the development of the nasal 
cavities, the neotenic condition of the latter in Brachycephalus 
would be causal to the fusion of the solum with the lamina 
inferior and with the crista intermedia. 

(c) The fenestra in the dorso-lateral part of the cartilaginous 
nasal roof, bounded laterally by the oblique cartilage and the 
planum terminale and medially by the tectum is regarded by 
(raupp (**) as a primitive condition. The following is selecteil 
from his description of the development of the ethmoidal region : 
“ Sehr interessant ist in dieser Hinsicht, dass nach Born (1877); 
(ich kann es fiir Bombinator bestatigen) bei Bombinator und 
Pelobates in Jungeren Stadien das Planum terminale noch mit 
der Decke iiber dem hinteren Kapselabschnitt zusammenhangt 
und so wie bei den Urodelen cine Fenestra dorsalis von der 
Fenestra lateralis (infracoiichalis) getrennt wird. Es ist dies als 
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priniiiiveres Verhalten aufzufassen.** (p.7B3). Since, however, 
Born’s specimens were not fully adult, and since this feature 
is not restricted to primitive forms sucli as Pelobutcs and 
Bomhina, but also occurs in Breoiceps and Prohrevicepa (^*), 
Spelaeophryne (^*), Callulina and the highly specialised 
BrachycephaUia, it is probably an instance of partial neoteny 
simulating primitiveness. An undoubtedly primitive condition 
in this respect is met with in the Liopehuuhp (‘^) in which the 
cartilago obliqua (and consequently also the fenestra doiso- 
lateralis) is not differentiated from the tectum. 

(d) Tlie synchondrotic union of the cornu hyale witli the 
pseudobasal process, occuiTiiig in BraclnjcvpIialnSf Afclopus (^) 
and Microhatrachclla bears upon the much discussed problem 
of the homology of the Gauppian processus basalis palatoquadrati. 
It seems to be genei’ally a(*eepted that th(‘ basal process of the 
Anum is not homologous with that of tlie^ Urodclesy and 
accordingly the term “ pseudobasal ” is adopted in this paper. 

Kruijtzer ( 2 *) in his work on the development of the 
chondrocranium of McgalophnjH monfaua regards the pseudobasal 
process as a ])ortion of the hyoid arch sk(‘leton, and homologous 
with the pharyngohyul of Neocehtiodua. l)e Beer (**) does iiot 
unconditionally accept the above inter])retation, but is of opinioi\ 
that further evidence is required for its confirmation, develop- 
mental evidence is recpiired to determine whether the 
hyo-pseudobasal union in Brachycephalus, Atclopvs and 
Microhairachella affords any support of Kruijtzer’s view. 

Ihisey holds that the pseudobasal process of tlie m»)r(' 
typical Anurans is of basitrabecular and post-palatine origin, and 
belongs to the neiirocranium and not to the quadrate. Tin* 
process would thus b(» the isolated outer end of the basitrabeculai* 
process plus the post -palatine commissure behind it. Following 
the phases of Banid development it is suggested that while the 
process develops from the base of tlu* auditory capsule it is 
only secondarily fus(*d to the quadrate and secondarily jointed 
onto the capsule. In line with the above argument and in view 
of the absence of the embryological evidence the possibility 
suggests itself that in BrachycephaJus, Atelopva and Micro- 
hatmchclla the hyoid cornu becomes primarily attached to that 
part of the auditory capsule which becomes incorporated into the 
pseudobasal process 

The union between the hyoid cornu and the pseudobasal 
process might also be acquired during or after the process of 
separation of the latter from the auditory capsule. According 
to Pusey the process, in Alytes, is still fused to the auditory 
capsule by the post-palatine cominissui*e and its outer posterior 
('orner still gives an attachment to the hyoid cornu. If this 
interpretation proves to be valid, it is clear that the hyale is 
not always attached to the same region of the auditory capsule. 

The above attempt to apply Pusey ’s views to the hyo- 
pscudobasal union appears to be opposed to the fact of a larval 
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liyo-quadratic union described by Gaupp (^‘*). It should, 
however, be noted that, according to Gaupp, this union occurs 
only during early larval stages when the quadrate occupies a 
pre-orbital position, and that the synchondrotic union lias already 
been lost \vhen metamorphosis sets in. The possibility of a 
hyo-quadratic union prior to a liyo-pseudobasal one is, therefore, 
not excluded. Moreover, it also follows that if Pusey’s view 
on the origin of the pseudobasal j)rocess holds, the liyo-quadrati(? 
union occurring in the adult hmchyccphalvs, Atclopvn and 
MicrohatrachcUa can no longer be regarded as a neotcnic feature 
as interpreted by de Villiers (‘®), 

(e) Since the otic ])rncess and the crisia parotica are absent 
in BracInjcephaluHj there is no actual cartilaginous fusion of any 
of the processes of the quadrate with the neurocranium. W’itli 
respect to the autost\lic t\pe ol suspensoriuni, d(* Jh‘(‘r (‘*) 
points out that according to Huxley's definition of the term 
it can be a])plied to all (Inalhoslonies in which the hyo-inandibula 
]days no suspensorial function wliether or not there be 
cartilaginous fusion bctwe(*n the jaw and the brain case. “ To 
distinguish between these two conditions, liowcver, de Iii*er and 
Moy-IMiomas (1031) have introduced the modifications auin- 
(lioHiylic for the non-fused type ])ossessed by ancestral fish, 
(rynmophiona and Amniota and autnaiffitiflic for the fused type 
r('pres(*nted by CijcJofttomcfs, JloloccphaJi^ Dipnoi, JJrodela and 
Aniira.** (de lieer, op.cit.p.422.) According to this terminology, 
Bmrhycephalufi and Arris distinguisli themselves in being 
decidedly aiitodiastHic among the otherwise autosystylic Anvra. 
According to de Beer there can be no doubt that the autodiastylie 
type is the more primitive in pliylogeny. Although it is not 
impossible for BracUyccphahis to be primitive in this particular 
respect, we must always bear in mind that it is in other respects 
a liighly specialised form. Tn this respect it is noteworthy 
that in the primitive Amiran Ascaplnis (^‘') the (*rista parotica 
appears to be lightly pressed against the otic capsule instead of 
being in synchondrosis with it. 

(f) The superficial bony plates occurring on the skull and 
along the back of the animal (one large and three small plates) 
are undoubtedly of the nature of secondary dermal ossification. 
That these plates are identical in the two regions becomes patent 
when those along the back are compared wdth those in the cranial 
region not underlain by other skeletal parts. Noble (•*’®) refers 
to these structures in Brachycephalns as “a great calcareous 
plate on its back often ankylosed to the neural spines (p.508), 
whereas previous authors sucli as Gadow (“®) and Nieden (®*) 
describe them as a broad dorsal shield of bone, fused with the 
processes of the secorfd to the seventh vertebrae. We agree 
with the latter authors that these structures are not merely 
calcareous plates, but that they consist of dermal bone arising 
fi*om the ossification of connective tissue fibres in the cutis. 
In both regions calcified fibres in the process of becoming bone 
of this type, and confluent with already ossified portions can 
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be clearly observed. In the same way as the bony shields on the 
back of the animal fuse with the vertebree, the secondary dermal 
ossifications in the cranial region fuse with the normal dermal 
and curtilage bones, so that a bony continuity of the different 
components of the roof of the skull is effected. Morphologically 
these superficial bony plates fall in the category of ordinary 
membrane bone since they arise in the cutis. Histogenetically, 
however, they belong to the type known as fibre bone or 
“ Faserknochen.’* According to Weidenreich (^•) there is no 
contradiction in this interpretation since he considers all bono 
to be either “ knorpelig praformierter Knochen or “ binde- 
gewebig praformierter Knochen,” the latter including both 
” Faserknochen ” and ordinary dermal bone. 

(g) The skull of Brachycephalus is extremely specialised. 
The following features can be regarded as some of the more 
outstanding specialisations : The possible absence of the 
quadratomaxillary, vomers, palatines and cartilaginous taeni®; 
the absence of the middle ear and associated structures; the 
presence of a large operculum; more intensive and extensive 
ossification of the skull than that occurring in any other Amiran; 
the occurrence of secondary dermal ossification in the cranial 
region; the ossification of the quadrate; the presence of large 
anterior premavillary squames. In this respect it is of interest 
to note that according to Noble (*®) the primitive genus of each 
subfamily of the BracJnjcophalidcp is to a greater or less extent 
arciferal, and the specialised ones are firmisternal. Thus he 
mentions Brachyccphdltia and Atelopug as the two firmisternal 
and accordingly more specialised genera of the BrachycephaUna* , 
The two specimens of Brachyccphaluft examined are, however, 
both arciferofirmisternal (Fig. 9) so that according to Noble’s 
criterion this genus is less specialised than Atelopus. The cranial 
anatomy of the two genera, however, does not substantiate this 
view. 

(h) The numerous features of the cranial structure of 
Brachycephalus showing similarity to that of a likewise 
fossorial, but unrelated form, such as Hemisus, illustrate the 
importance of environment as causal to structure. 

Summary. 

1. The skull appears to be more intensively and extensively 
ossified than that of any other known Anuran. 

2. Superficial bony plates of the nature of secondary dermal 
ossification occur along the back of the animal and on the skull, 
and fuse with underlying structures. 

3. The anterior portions of the nasal capsules are separated 
from each other and reach well beyond the septum, so that each 
has its own inner wall. 

4. The greater part of the olfactory capsule is ossified. 

5. The alary is in synchondrotic union with the tectum nasi 
and its concave surface faces laterally instead of medially. 
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6. The superior prenasal cartilage is medially directed. 

7. The anterior boundaries of the lamina inferior and of the 
lamina superior are fused with, the crista subnasalis which is 
an antero-lateral extension of the solum. 

8. The recessi of the cavuin inferius retain their larval 
posterior position; the lamina inferior and the crista intermedia 
are completely fused with the solum nasi. Both these features 
are neotenic. 

9. A fenestra in the cartilaginous nasal roof, reminiscent of 
the Urodelan fenestra dorsalis, is present. 

10. The processus lingularis is continued posteriorly and 
passes over into the planum antorbitale, so that the fenestra 
choanalis is bounded laterally by a sagittal cartilage strip. 

11. There is no eminentia olfactoria. 

12. There is no trace in the adult of either the vomer or 
the palatine. 

13. The septomaxillary is a small columnar bone and bears 
no relation to the nasolacrimal duct. 

14. Both premaxillary and maxillary are edentulous. 

15. The premaxillary is characterised by the presence of a 
large anterior horizontal squame. 

16. The os en ceinture cannot be distinguished as such, 
since it is in bony continuity with the adjoining parts of the 
skull. 

17. The olfactory nerves enter dorso-medially into the 
olfactory capsules. 

18. Medially the frontoparietals are in bony continuity with 
each other and laterally with the ossified side walls of the 
cranial cavity. 

19. The cranial floor is ossified in the orbital, otic and 
occipital regions. 

20. The parasphenoid is fused to the cranial floor. 

21. The taenia tecti transversalis and the taenia tecti 
medialis could not be located, 

22. The otic capsule is intensively and extensively ossified. 

23. Only one large perilymphatic foramen can be identified. 

24. The middle ear and associated structures are absent. 

25. An opercularised musculus levator scapulae superior is 
attached to a posterior extension of the large operculum. 

26. The quadratoriiaxillary is apparently absent, so that the 
skull is gymnokrotraphic. 

27. The otic process and the crista parotica are absent. 
The suspensorium is therefore autodiastylio as in Oymnophiona, 

28. The pars quadrata is markedly invaded by the pterygoid 
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and paraquadrate, and the true quadrate bone probably exists 
together with these membrane ossifications. 

29. The cornu hyale is in synchondrotic union with the 
pseudobasal process. 

30. The anterior processes of the hyoid are long and well- 
developed although they are generally absent in the Brack y- 
cephalince. 

31. The postero-lateral processes of the hyoid are absent in 
Brachycephalus ephippium as in all other species of the Brachy- 
cephalincd that have been examined. 

82. The elliptical cricoid cartilage is joined by a hyocricoid 
ligament to the thyroid process of the hyoid. 

33. The pectoral girdle is arciferofirmisternal. 
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FIGURES AND ABBREVIATIONS. 

Fig. 1: Graphical reconstruction of the nasal cajisule of Jitachy- 
evphahts, X 37L Dorsal view. The loft half of the bony nasal roof 
IS removed and the asperites on the surface of tho roof are not 
indicated. (Cartilaginous parts are stippled. 

Fig. 2: Consecutive transverse sections through the region of the 
external iiarial aperture. 

Fig. 3: Conseinitive transverse sections tlirough the nasal cn))sule 
in the region of the convergence of the anteriorly separated parts. 

Fig. 4: Consecutive transverse sections through the nasal capsule 
in the region of the fenestra choanalis. 

Fig. 5 : Consecutive transverse scH'tions through the anterior 
region of the auditory capsule. 
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6: Conf^utive transverse seetions through the auditory 
capsule in the region of the fenestra ovalis. 

Fig, 7 : Transverse section througli the i>osterior region of the 
auditory capsule. 

Fig. 8 : Graphical reconstruction of tho hyoid apparatus of 
Brachycephahts, X 26. Dorsal view. 

Fig. 9: Transverse section through the larynx. 

a.d.g., anterior dorsal groove; a. pmx.s., anterior premaxillary 
squame; ar., ary taenoids ; b.n.r., bony nasal roof; b.r.. bony root; 
c.al., cartilage alaris; calc. tect. nas., calcified tectum nasi; cav. cr., 
cranial cavity; cav. med., cavum medium; c.c., cranial cavity; 
c. obi., cartilago obliqua; col. ep., columnar epithelium of the buccal 
cavity; corac., coracoids; cor. by., cornu hyale; corp. hy., corpus 
hyoideum; c.p., cavum principale; c.p. inf., cartilago praenasalis 
inferior; c.p., sup., cartilago praenasalis superior; cr. int., crista 
intermedia; cr. int. Ss sol., fus^ crista intermedia and solum nasi; 
cr. subn., crista subnasalis; cric., cricoid; c.t.f., connective tissue 
fibres; d. nasol., ductus nasolacrimalis ; d. pulv., dorsal pulvinaria; 
e.c.c., extracapsular cavity; e.n.a., external narial aperture; f.t.o., 
fossa fenestrae ovalis; fen. ch., fenestra choanalis; fen. nasob., 
fenestra nasobasalis; fen. ov., fenestra ovalis; for. ac. ant., foramen 
acusticum anterior; for proot., foramen prooticum; g1. imx., glandula 
intermaxillaris; gl. nas. lat., glandula nasalis lateralis; gl. nas. med., 
glandula nasalis medialis; gon., goniale; hyocr. lig., hyocric'oid ligament ; 
in. e., cavity of the inner ear; inf., infundibulum; l.m. fen. ov., 
lower margin of the fenestra ovalis; l.w., lateral wing of the nasal 
roof; lam. inf. A pi. term., fused lateral margin of the lamina inferior 
and the planum terminale; lam. sup., lamina superior; M.c., Meckel’s 
cartilage; man., manubrium of the hyoid; mx., maxillary; n., nasal; 
o.d.o., overhanging wing of dermal ossification; op., operculum; 
Ii.f. pmx., facial part of the premaxillary; p.q. pq., pars quadrata 
palatoquadrati; paraq., paraquadrate: pi. ant., planum antorbitale; 
pi. obi., plica obliqua; pmx., premaxillary; proc. ant., processus 
anteriores; proc. pseud., processus pseudobasalis ; proc. pter,, processus 
pterygoideus ; proc. thyr., processus thyreoidei; ptcr., pterygoid; 
r.m.n., ramus medialis narium; rec. lat., recessus lateralis; rec. med., 
recessiis medialis; s.c.s., sagittal cartilage strip; s.o.s., horizontal 
section through the left half of the ossified septum; sept., septum 
nasi; sol. A lam. inf., fused solum and lamina inferior; sol nas., 
solum nasi; spmx., septoniaxillary ; str. ep., .stratified epithelium; 
syn. con., syndesinotic connection lietween the auditory capsule and 
the upper jaw; tect. nas., tectum nasi; v. pulv., ventral ]ndviiiaria ; 
vest., vest ibid uni. 
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Introduction. 

Petropedetea cameronenaia, the type &i>ecit‘s of this genus, 
was first described and figured in 1874, by Iteichenow, who 
discovered it some years earlier in the Cameroons. He, however, 
erroneously regarded it as one of the Hylidte, Two more species 
from the same region were described by Boulenger (1887) as 
Comufer johnatont and by Bocage (1895) [quoted from 
Boulenger, 19(X)J as Tympanoceroa newtonii, respectively. 
Boulenger (1900), however, rectified these mistakes, referring 
both species to the genus Petropedetea and also changing the 
specific name newtomi to newioni. In 1905, Boulenger do'^cribe 1 
two more species: P.natator from Sierra Leone and P.iml7nipea 
from South Cameroon. The next important references to these 
frogs are contained in H. W. Parker's paper on the zoogeography 
and systematica of the Amphibians of the Mamfe Division, 
Cameroons, and in Sanderson's account of the ecology ot the 
frogs in this region, both published in 1936. Parker, having at 
his disposal the large Sanderson collection amply provided with 
reliable field notes, could show that Petropedetea johnatoni, 
apart from manifesting certain growth changes, is subject to a 
large amount of seasonal and sexual variation. He divides the 
species into different age and sex groups, giving detailed 
descriptions of each, in this way clearing up the previous 
taxonomic confusion. As far as the skull is concerned, all these 
descriptions refer only to external features, and it is not 
surprising that all these investigators have overlooked the impor- 
tant fact that Petropedetea johnatoni possesses a divided vomer, 
as my investigations have shown. 

Noble (1931) created the Petropedefinrp, as a sub-family of 
the Ranidfp, to include the two genera Petropedetea and Arthro- 
leptidea. In a previous paper (du Toit, 1938) I gave an account 
of the cranial anatomy of the latter, and the investigation of 
the cranial morphology of Petropedetea was undertaken not only 
to test the validity of Noble's classification, but also to gain 
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more comparative data for the proper evaluation of the Anuran 
skull. The lower jaw of Atthrolepiidea shows a peculiarity which 
might prove to be of great importance; in the case of Petra- 
pedetes the chief interest seems to centre round the vomer. The 
cranial nerves, bloodvessels and muscles, the breast-shoulder 
apparatus, the vertebral column and the thigh muscles of the 
Petropedefince and other allegedly related species are being 
investigated by myself and other research workers in tliis 
Institute, and not until these results are available and correlated, 
will it be possible to arrive at some conclusion regarding the 
proper taxonomic position and the phylogenetic significance of 
the Petropedetina. 

Material and Technique. 

My sincere thanks are due to Mr. F. R. Parrington, 
Director of the University Museum of Zoology, Cambridge, who 
kindly provided me with four specimens of Petropedeten 
johvafoni (Nos. 166H, 65911, 581JT and 527H : Sanderson 
Collection of Amphibia from the Camcroons, 19S2-33). The skull 
of the largest specimen (No. 52711), a second year breeding 
female measuring 58 mm. from vent to tip of snout, was 
macerated and studied macroscopically ; the iskulls of the other 
specimens were prepared in the usual way for niicioscopic 
investigation. 

The adjective “ Eanid,'* as used in this paper, refers to 
Gaupp’s descriptions of Rarva funca^ R.cHCxdcnia and 7? arvalis 
and not to the Ban idee in general. 

The Olfactory Capsule. 

The general appearance of the olfactory capsule of the 
juvenile is typically Ranid, but with ago it becomes dorso- 
ventrally flattened ; concomitantly there can be observed a 
marked relative decrease in the size of the cartilaginous olfactory 
capsule and a corresponding increase in the size of tlie dermal 
bones. The alary and both the prenasal cartilages are present, 
the latter having the usual relationships to the premaxillary. 
In the juvenile the septum and the fenestra nnsobasalis are 
typically Ranid, but in the adult the anterior part of the septum 
is much reduced with the result that the fenestra lias, relative 
to the rest of the capsule, been shifted backwards (Fig. 1). 

In all the forms hitherto investigated, the crista subnnsalis 
is a medially flexed cartilaginous ridge attached to the vential 
side of the lateral edge of the solum nasi, but in Petropedetea 
it is situated on the ventral side of the solum at about a third 
the distance from its edge to the septum (Fig. 1). This peculiar 
position of the crista may be due to the rather large palatal 
process of the maxillary (Fig. 1). The anterior part of the 
crista subnasalis lies dorsal to the maxillary and to the 
premaxillary, but further back it separates the palatal process 
of the maxillary from the lateral palatal squame of the 
premaxillary. Whether the crista merely lies dorsal to these 
processes or separates them from each other appears to be of 
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little importance. The oristad aubnasales serve as two struts 
supporting the palatal processes of the maxillary and of the 
premaxillary away from the solum nasi, thereby increasing the 
subnasal space for the accommodation of the intermaxillary gland. 

In both the juvenile and the adult the crista intermedia is 
normally developed. In the juvenile, the lamina inferior, in 
addition to its usual attachments, is anteriorly also fused to the 
solum nasi for some distance so that the recessus lateralis of 
the cavum inferius is the last of the nasal cavities to appear 
in section. In the adult the configuration of the nasal capsule 
in this region and the order of appearance of the nasal cavities 
conform to the Banid type, the only deviation being the absence 
of the side wall of the capsule in both specimens. It would 
appear, therefore, that with growth the recessus lateralis gradually 
extends forwards to the position it occupies in the adult. The 
anterior part of the lamina inferior and the solum had, therefore, 
to be separated, the process entailing a certain amount of 
resorption of cartilage, before the adult condition could be attained 
to. 

The rest of the olfactory capsule conforms to the Banid type. 

The Nasal Cavities. 

Mention has been made of the difference in the relative 
positions of the nasal cavities in the juvenile and in the adult. 
Except for the fact that the recessus sacciformis is represented 
by a very small infundibular recess, the identity of which is 
chiefly established by the insertion into its wall of a number 
of fibres of the musculus lateralis narium, the general configura- 
tion of the nasal cavities is typically Banid. 

Only the anterior “Wulst,*' supporting the posterior part of 
the lateral wall of the vestibulum, is present. The anterior part 
of the plica obliqiia, which is suspended from the tectum, is 
short, but posteriorly it increases in length and fuses with the 
lateral vestibular wall immediately ventral to the “ Wulst;** from 
this point backwards the vestibulum is continued as a short 
groove. 

Helling (1938) introduces a new terminology for the vestibular 
and infundibular regions of the nasal cavities. In a comparative 
analysis of the skulls of certain Microranids, which I hope to 
complete in the near future, I shall deal at some length witli 
the anatomical and physiological basis of Helling 's terminology ; 
suffice it to state here, that I cannot accept his interpretation. 
In the accounts of the cranial morphology of Heleophryne regis 
(1980) and of Rana grayi (1933), I described and figured a small 
ventro-median pouch in the anterior part of the floor of the 
cavum prineipale and called it the ventro-median recess. 
Helling (1988) describes an obviously homologous structure in 
several other species and proposes the name recessus olfactorius 
for it. This appellation connotes an olfactory function, but since 
the whole of the cavum prineipale is endowed with this function, 
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the term apparently suggests a special perceptive sense lor this 
region, a contention which is not proven. ]t would, therefore, 
be wiser to retain the non-committal term ventro-median recess 
(recessus ventromedianus cavi principalis). The recess is bounded 
laterally by the plica terminalis, and medially it is separated 
from the rest of the olfactory epithelium by a narrow strip of 
indifferent epithelial cells, which appears as a fold in those species 
in which the structure is well-developed. On the median side 
of this recess is situated a gland of varying size; its short duct 
pierces the zone of indifferent epithelium. This gland was first 
recognised as a separate entity by Foske (19B4), who (*alled it 
the glandula oralis interna, obviously not a well chosen term. 
Petropcdetes possesses a small recessus ventromedianus with 
which a glandula oralis interna consisting of only a few tubulis 
is associated. 

The only other point worthy of being mentioned is the fact 
that a few fibres of the musculus lateralis narium originate from 
the dorsally flexed lateral edge of the lamina inferior as in liana 
grayi (du Toit, 1933). 

Glands of the Olfactory Ehoion. 

The well developed intermaxillary gland is entirely extra- 
capsular, its tubules occupying the pre- and subnasal spaces. 
On either side its lateral portion lying between the floor of the 
recessus lateralis and the palatal process of the maxillary extends 
further back than its median portion, which does not reach 
beyond the posterior ends of the palatal squames of the 
premaxillary. The ducts converge towards the middle line, extend 
backwards and then open irregularly into the buccal cavity some 
distance in front of the choanee. Peiropedetes would, therefore, 
belong to Muller's “ 2nd type.’* 

In the choanal region the “ Eachendruse ” consists of two 
sets of tubules : those of the lateral division, which are embedded 
in the connective tissue forming the dorsal part of the plica 
isthmi, run the length of the choana, but those of the median 
division do not reaeh so far forward. It is not quite correct to 
say that the tubules fringe the median as well as the lateral 
border of the choana, as Gaupp maintained, since the lower outer 
border of the choana is formed by the plica palatina and not by 
the plica isthmi. Near the posterior end of the choana the lateral 
division acquires an opening (Fig. 2a), and only a few sections 
further back the median one also opens into the buccal cavity 
near the lateral edge of the anterior vomer (Fig. 2b). In the 
same transverse plane, at the dorsal extremity of the plica isthmi, 
can be seen the anterior part of a large oblong opening stretching 
from before backwards and inwards (Fig. 2b). This is the buccal 
opening of a reservoir situated in the posterior choanal wall 
and receiving duets from both the lateral and the median 
divisions of the gland (Fig. 2c). Behind this region the two 
divisions of the gland merge into each other, the tubules extending 
backwards, but not reaching the posterior limits of the cavum 



200 


SOUTH AFRICAN JOURNAL OF SCIBNCB. 


principale. The significanoe of the separate median and lateral 
openings of the gland' is discussed in a previous paper (du Toit, 
1938) to which the reader is referred. 

The glandula nasalis medialis is normally developed ; its duct 
opens from the lateral side into the short blind posterior extension 
of the recessus medialis. 

The glandula nasalis lateralis which is situated entirely 
median to the fibres of the musculus lateralis narium does not 
differ from the usual type. 

As described in a previous section, Petro'pedetrea possesses 
a small glandula oralis interna opening into the recessus ventro- 
medianus. 

Membrane Bones of the Olfactory Beoion. 

The premaxillary does not deviate from the usual type, but 
the maxillary is characterised by the possession of a large palatal 
process (Fig. 1). The dentition of both bones, however, is of 
the acrodont type. 

In the juvenile the nasals are two small bones widely 
separated from each other. Each stretches from a point 
immediately behind the attacliment of the cartilago obliqua to 
the tectum, to the posterior edge of the planum antorbitale. 
Near the middle of its length each nasal acquires a rod-like 
shape and a large marrow cavity (Pig. 2). The frontal process 
of the maxillary does not establish contact with the nasal. 
Subsequent growth of the bone is evidenced by the development 
of a thin medially directed wing-like expansion of its anterior 
two-thirds, so that in the adult its medial border almost coincides 
with the line of junction between the tectum and the septum. 

The septomaxillary shows the triradiate shape characteristic 
of the Anura. The anterior process has two short prongs shown 
in Fig. 1. These fuse with each other thus clasping the lateral 
edge of the lamina superior and forming part of the roof ot 
the caMim medium. Immediately posterior to the fusion of the 
two prongs the bone again divides into a median and a lateral 
process. The former is a splint-like bone tipping the lateral edge 
of the lamina superior, whereas the latter is a laterally compressed 
blade lying on the median side of the glandula nasalis lateralis. 
The part of the infundibulum which communicates with the 
cRvum medium lies between these two processes. The lateral 
pi ocess' gradually shifts from a vertical into a horizontal position 
and in the region where the nasolacrimal duct communicates with 
the cavum medium it gives off a short antero-ventrally directed 
process, the anterior tip of which appears between the floor of 
the cavum medium and the dorsal surface of the lamina inferior. 
This process thus serves as a skeletal protection for the region 
where the nasolacrimal duct enters the cavum medium. The 
main lateral process is continued backwards for some distance 
as a membrane bone on the dorsal surface of the lamina inferior, 
disappearing from section immediately anterior to the posterior 
limits of the median process and of the lamina superior. 
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Petropedetea has a divided vomer. Upon the establishment 
of the processus lingularis the anterior division of the vomer 
appears as r thin splint-like bone applied to the lateral edge 
of the solum. It gradually increases in size becoming a spatulate 
bone slightly underlying the lateral edge of the solurn and 
forming a ventral support for part of the cavum principale. Its 
lateral edge is produced into a sharp process bounding the choana 
anteriorly. Proceeding backwards along the median border of the 
choana, it decreases in size, regaining its prechoanal dimensions 
and, sweeping outwards in a gentle curve, it disappears a short 
distance behind the choana. In the juvenile neither the posterior 
division of the vomer nor the palatine reaches as far forwards 
as the posterior end of the anterior division of the vomer; in 
the adult on the other hand, both these bones appear medially 
to the anterior division of the vomer in front of the posterior 
edge of the choana. The posterior division of the vomer first 
appears ventrally to the anterior end of the palatine; it then 
fuses with the latter for a short distance and regains its identity 
in the region of the vomerine teeth. The latter numbering about 
eight on either side are arranged in a transverse row across the 
whole width of the bone. The two palatines almost meet each 
other medially between the two posterior divisions of the vomers. 

Until 1934, when I demonstrated the presence of a divided 
vomer in the Australian Cystignathid Crinia georgiana, this 
feature was considered to be confined to certain Malagasy and 
Indo-Malayan Microhylidce (Noble and Parker, 1926 and Parker, 
1931). Parker (op.cit.) is of opinion that, as a result of parallel 
evolution, n divided vomer has arisen independently in these two 
groups of MicrohylidoR inhabiting two different zoogeographical 
regions. In the present state of our knowledge it is not deemed 
advisable to make any suggestion regarding tlio possible phylo- 
genetic significance of the conditions obtaining in Petropedetea, 

The Os en Ceinturb. 

Since the homology of the cartilage bone, which arises as 
paired perichondral ossifications of the preoptic roots of the orbital 
cartilages (therefore, representing the orbitosphenoids, According 
to some authors), but which also extends to a varying degree 
into the olfactory capsules, is not established, it is best to 
designate it by the non-committal term os en ccinture, as 
originally suggested by Cuvier. In the juvenile the first traces 
of the bone appear immediately posterior to the orbito-nasal 
foramina as perichondral bony lamellae on both internal and 
external surfaces of the ventro-lateral aspects of the brain-case. 
Proceeding backwards these ossifications gradually extend 
upwards until the entire side walls of the brain-case, with the 
exception of the laterally directed cartilaginous ledge dorsal to 
each orbitonasal foramen, are perichondrally ossified. In the 
juvenile, therefore, the bone is paired, since the floor of the 
brain-case, underlain by the tip of the parasphenoid, remains 
cartilaginous. 
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In the adult the os en ceinture has much the same shape 
as in the European Bana, but relative to the rest of the skull, 
it occupies a more posterior position. It extends from behind 
the posterior divisions of the vomers to about the middle of 
the orbit. In section the first signs of the bone appear, at the 
level of the posterior surfaces of the plana antorbitalia, as 
perichondral ossifications of the internal surfaces of the tectum 
These ossifications gradually extend downwards along each side 
of the septum. The orbitonasal foramen is completeh 
surrounded by perichondrul bone, even the ledge which lies dorsal 
to it and usually remains cartilaginous, is perichondrally ossi- 
fied. Proceeding backwards the ossification spreads so that the 
hindmost portions of the cava principalia are encased in bone 
and the entire anterior part of the brain-case is both perichon- 
drally and enchondrally ossified. A short distance further back 
the anterior limits of the frontal fenestra are encountered and 
in this region the bone is restricted to the sides and floor of 
the brain-case. 

The Orbital, Otic and Occipital Beoions. 

The brain-case does not deviate to any significant extent 
from that of the European liana. In the Anura the roof of 
the brain-case is subject to a fair amount of variation (vide 
also Stadtmuller, 1936), but in Petropedetes the conditions arc 
typically Banid; both the taenia tecti medialis and the taenia 
tecti transversalis being present as in Bttfo (Schoonees, 1930). 
Rana grayi (du Toit, 1933) and Arihroleptides (du Toit, 1938). 
With the exception of a small amount of connective tissue 
surrounding the optic nerve and the arteria carotis cerebralis 
respectively, the wall of the neurocranium between the os en 
ceinture and the prootic is completely cartilaginous. As in 
Arihroleptides the arteria carotis cerebralis has its own foramen, 
situated ventrally to that of the Illrd nerve. This condition 
is apparently not rare, for besides occurring in some specimens 
of the European species of Rana, it is also found in Crinia, 

Owing to the well -developed laterally projecting cristae 
paroticaB the otic region is wider, giving the whole skull a more 
triangular appearance than in the European Rana, Allowing 
for the different proportions of the capsule, the prootic and the 
exoccipital do not deviate from the Banid type, and they are 
not fused with each other as in Arihroleptides, The ventral 
border of the foramen magnum is hardly notched, but dorsally 
there exists a large V-shaped bay between the two exoccipitals. 
The two acoustic foramina are situated close to each other, 
the anterior border of the posterior one being formed by the 
prootico-exoccipital cartilage. The two perilymphatic foramina 
are separated from each other by a thin osseous bridge; the 
superior foramen opens directly into the cranial cavity as does 
also the anterior part of the large inferior one. The posterior 
portion of the latter opens ventrally into the jugular foramen. 
In other respects the otic region is typically Banid. 



CRANIAL MORPHOLOGY OF PETROPBDETES JOHNSTONI. 203 


The narrow anterior end of each frontoparietal is applied 
to the cartilaginous ledge on the dorsal side of the orbitonasal 
foramen. Proceeding backwards the bone broadens out and at 
the level of the posterior border of the dorsal part of the os en 
ceinture it almost meets its partner on the opposite side. In 
the region of the taenia tecti transversalis the median border 
of each bone is widely indented. The lateral border of each 
frontoparietal is produced ventrally, thus covering the dorsal 
part of the cartilaginous lateral wall of the brain-case. The 
dorso-lateral portion of each bone, whicli is provided with a 
large marrow cavity, has the shape of a thick ridge. Its 
posterior portion does not overlap either the prootic or the 
exoccipital. 

The porasphenoid conforms to the Ranid type. 

The Sound Conducting Apparatus. 

The sound conducting apparatus is typically Eanid in 
structure. The pars externa plectri is not enlarged to form 
an extraplectral. Petropedetea is apparently one of those forms 
in which the processus ascendens partis externte plectri is in 
the process of being transformed from a cartilaginous rod into 
a ligament. In both the juvenile and in the adult a few cartilage 
cells are retained, especially at the outer and inner ends of 
the process, but in the adult the whole process is more strongly 
ligamentous than in the juvenile (Fig. 4d). Similar conditions 
obtain in Arthrolcptidra and in a few other species. 

The dorsal posterior part of the ring-shaped annulus 
tympanicus is confluent with the crista parotica. 

The development of s(*condary sexual characteristics, 
culminating in sexual dimorphism, is a common phenomenon 
among the Anura, These characteristics may be either 
permanent, being in evidence throughout the adult life 
of the animal; or, they may be seasonal, attaining their 
maximal development only during the period when the 
animal is in full nuptial dress, and when reproduction can 
take place. Failure to recognise an anatomical peculiarity 
as a secondary sexual characteristic, or to distinguish clearly 
between permanent and seasonal secondary sexual charae- 
terisites, often leads to much confusion as becomes evident 
from a perusal of the literature on Petropedetea. Parker 
(op.cit.) and Sanderson (op.eit.), having had at their disposal 
a large number of specimens acquired during a year's continual 
collecting, could distinguish clearly between these two types of 
secondary sexual characteristics. According to Parker (op.cit.) 
the tympanum of the mature male is much larger than that 
of the mature female, this being one of the permanent secondary 
sexual features. As far as could be ascertained, Petropedetea 
is unique in possessing a seasonal secondary sexual characteristic 
in the form of a so-called tympanic papilla. The latter, which 
Noble (19B1) mistook for the pars externa plectri “ thrust 
through the drum," is in reality a thickened portion of the 
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outer delrmal part of the tympanic membrane. Other authors 
have recognised its true nature, but thought that it was situated 
opposite the insertion of the pars externa plectri into the 
tympanum. An inspection of Fig. 5 shows, however, that the 
papilla is attached to the tympanum dorsal to the insertion in 
question. The papilla consists of both the epidermal and cutis 
components of the skin, whose deep, compact layer consisting 
chiefly of collagenous fibres is continued only into the base of 
the papilla; its bulk is formed by the loose upper part of the 
cutis covered by the epidermis. Glands, presumably all of the 
mucous variety, and sparsely scattered throughout the tympanic 
membrane, are more concentrated in the papilla. The 
subepidermal pigment layer too, is better developed here than 
elsewhere. The superficial comified layer of the epidermis is 
thicker than that over the rest of the tympanum and is produced 
into tiny wart-like asperities (Fig. 5). 

The Palatoquadratb and the Suspensorial Eegion. 

The two outstanding peculiarities of the suspensorial region 
of the palatoquadrate are the well-developed, laterally projecting 
crista parotioa and the otic process, which, from the region of 
its confluence with the crista parotic a, is directed forwards and 
outwards and then curves backwards and outwards instead of 
inwards as in the majority of the species hitherto described. 
Owing to these anatomical relations, one would expect Petto- 
pedetes to have a long pseudobasal process and a large 
cranio-quadrate passage, but an examination of the figures 
shows that the pseudobasal process is hardly differentiated as 
a separate entity and that the cranio-quadrate passage is reduced 
to a mere foramen. Both these conditions are due to the fact 
that the otic process is not rod-shaped as in the European Rana, 
but is an obliquely inwardly directed blade of cartilage, which 
is confluent with the ventral aspect of the crista parotica as 
well as with the cartilage forming the anterior wall of the fossa 
fenestras vestibuli (Fig. 4c). The anterior part of the pseudo- 
basal process articulates with the ventral part of the otic 
capsule. The synovial cavity is small, and the connection is 
chiefly effected by connective tissue (Figs. 3 and 4c). Its middle 
portion is confluent with the antero-ventral part of the wall 
of the fossa fenestrsB vestibuli (Fig. 4c), and its posterior tip is 
again syndesmotically connected to the latter. Except for this 
posterior portion, the pseudobasal process is confluent along its 
entire length with the otic process. The connexion of the 
palato-qiiadrate to the skull is, therefore, rigid, and it must be 
assumed that the above mentioned synovial cavity is functionless. 
Apart from minor deviations the suspensorial region is very 
similar to that of Arfhroleptidea, 

De Beer (1926) and Puscy (1988) have shown that the mode 
of origin of the pseudobasal process and its relation to the 
palatine nerve in the Anuta preclude it from being homologised 
with the basal process of other vertebrates. 
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The pterygoid is a well-developed membrane bone applied 
to the ventral, median and dorsal sides of the pterygoid process. 
At the approaches to the susponsorial region it also invests !ihe 
dorso-lateral border of the process. It not only invests, but 
also invades the anterior part of the pseudobasal process (Figs. 
4b and 5b) as in Arthrolef tides and a few other Anuta, Owing 
to the peculiar relations of the processes of the palato-quadrate 
described above, that part of the pterygoid underlying the 
pseudobasal process is remarkably long (Fig. 5). 

In the articular region the quadrate- jugal invests the pars 
quadrata. The connective tissue separating the two entities 
disappears, and the bone invades the cartilage, thus simulating 
perichondral ossification of the latter (Fig. 4d). 

The Lower Jaw. 

The only interesting feature of an otherwise normal lower 
jaw is the articular region of MeckeFs cartilage, whose peripheral 
part is weakly ossified perichondrally and more strongly enchon- 
drally. Small marrow cavities are present in the region of 
the enchondral ossification. There is no reason why this 
ossification should not be regarded os an articular, the occurrence 
of which is rare among the Anuta, In Petropedetes johnstoni 
no trace could be found of the “ sharp tooth-like process at the 
symphysial extremity of each ramus of the mandible,'' which 
Boulengcr (1905) described in the male of P,natatot,, 

Hyoid Apparatus. 

The hyoid apparatus agrees in its essential features with 
that of the European Rana. The hyale is confluent with the otic 
capsule in close proximity to that region where the plectrum 
is fused to it. 

Summary. 

1. A comparison of the skull of the juvenile with that of the 
adult reveals interesting growth changes manifested by a relative 
decrease in the size of the chondro- and viscero-cranial structures 
and by a corresponding increase in the size of the dermal bones. 

2. Except for the absence of a lateral wall, the olfactory 
capsule is essentially Ranid in structure. 

3. The recessus sacciformis is represented only by a small 
infundibular recess. 

4. Only the anterior vestibular “ Wulst " is present. 

5. The plica obliqua is suspended from the tectum. 

6. The cavum prinftipale has a small ventro-median recess 
accompanied by a glandula oralis interna. 

7. The anterior part of the “ Rachendriisc " consists of a 
median and a lateral division each having its own opening into 
the buccal cavity. 

8. The premaxillary and the maxillary are dentigerous. 
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0. The maxillary has a large palatal process. 

10. The vomer is divided into an anterior and a posterior 
part; the latter, which is dentigerous, fuses with the palatine. 

11. The brain-case with its associated dermal bones is 
typically Banid. 

12. The processus ascendens partis extemes plectri is liga- 
mentous. 

16. The annulus tympanicus is ring-shaped. 

14. Petropedetea is unique in possessing a seasonal 
secondary sexual characteristic in the form of the tympanic 
papilla. 

15. The pseudobasal and otic processes differ from those of 
the European Rana. 

16. The cranio-quadrate passage is reduced to a foramen. 

17. The pterygoid invades the anterior part of the pseudo 
basal process. 

18. An articular is present in the lower jaw. 

19. The liyale is confluent with the otic capsule. 
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FIGURES AND ABBREVIATIONS. 

Fig. 1 ; Transverse section through the anterior part of the 
olfactory capsule. 

Fig. 2: Transverse sections through the olfactory capsule in the 
region of the “ Racliendrttse ” : a, showing the duct of the lateral 
division ; b, of the median one, as well as the duct of the reservoir ; 
and c, the reservoir itselt. 

Fig. 3: Antero-dorsal view of the otic capsule and suspensorial 
region of the left side. 

Fig. 4: Transverse sections through the suspensorial region and 
sound conducting apparatus of tlie left side; a, showing the invasion 
of the pseudobnsal process by the pterygoid; b, the attachment of 
the pseudobasal process to the palatoquadrate ; c, the pseudobasnl 
articulation; and d, the fusion of the hyale to the otic capsule. 

Fig. 5: Transverse sections showing the tympanic papilla: an.t., 
annulus tynipanicus; a.v., anterior division of vomer; a.w.rec.mod., 
anterior wall of the recessus mcdialis; b.olf.n., branches of the 
olfactory nerve; b.v., blood vessel; c.al., cartilago alaris; ch., choana ; 
c.m., cavum me<liuni; c.p., cavuin principnle; c.pren.iiif., cartilago 
praenasnlis inferior; cr.*p., crista parotica; crq.p., cranio-quadrate 
passage; cr.subn., crista subnasalis; d.f.e.l.inf., dorsally flexed edge 
of the lamina inferior; d.nasol., ductus nasolacrimalis ; d.r., duct of 
the reservoir* of the “ Rachendriise ”; K.t., Eustachian tube; f.ac.ant., 
foramen ncusticum antorius; fp., frontoparietal; f.po., foramen 
prooticum; fr.pr.mx., frontal process of the maxillary; g., gonial; 
g.po.com., ganglion prooticum commune; gl., gaumenleiste ; gl.imx., 
glundula iiitermnxillaris ; hy., hyale; i.e., internal ear; i.p.ext.pl., 
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insertion of pars externa plectri^ l.d.Hdr., duct of the lateral division 
of the ** Rachendriise ” ; l.inf., lamina inferior; l.infil., lymphoid 
infiltration; l.sup., lamina superior; M.c., MeckePs cartilage; 
m.d.Rdr., duct of the median division of the Rachenddise ” ; m.e., 
middle ear; mx., maxillary; n., nasal; p.ext.pl., pars externa plectri; 
pjnt.pl., pars interna plectn; p.m.pl., pars media plectri; p.p., plica 
palatma; p.p.mx., palatal process of the maxillary; p.t., plica 
terminalis; pl.ant., planum antorbitale; pmx., premaxillary; po., 
prootic; pr.as.p.ext.pl., processus asc^ndens partis externao plectri; 
pr.mx.a., processus maxillaris anterior; pr.ot., processus oticus; 
pr.pb., processus pseudobasalis ; pr.ptq., processus pterigoideus ; pr.q., 
processus quadratus; ps.. parasphenoid ; ptg., pterygoid; qj., quadra- 
tojugal; r., reservoir of the “ Rachendrilse ” ; r.com.c.n.p., ramus 
communicans cum nervo palatine; r.hy., ramus hyomandibularis ; 
r.l.n., ramus lateralis nariiim; r.m.n., ramus medialis narium; r.ni.n.a., 
ramus medialis narium of the arteria orbitonasal is ; r.m.n.n., ramus 
medialis narium of the ophthalmic nerve; r.mx.mn.. ramus maxillo- 
mandibularis; r.p., ramus palatinus; Rdr., '^Rachendriise ” ; rec.lat., 
recessus lateralis; s.n.. septum nasi; sol.n., solum nasi; sq., 
squamosal; sulc.max., sulcus maxillopalatinus ; t., tooth, tympanum; 
t.a., tooth-anlage ; t.n., tectum nasi; t.p., tympanic papilla; ts., 
transition between the stratified epithelium of the upper lip and the 
('oliimnar epithelium of tlie buccal cavity; v.c.l.. vena capitis lateralis; 
v.j.i., vena jugularis interna; v.w.. Vestibular wall. 
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Introduction. 

There exists a good deal of confusion regarding the 
taxonomic position of several of the genera belonging to that 
group of Ethiopian Ranids which, on account of their smallness 
and apparent external similarity, will for the sake of convenience 
be called the Microranids.** The use of this term does nob 
imply any genetic relationship between them, nor should it be 
regarded as having any systematic significance. 

The present investigation must in the first place be 
regarded as a contribution to the thigh musculature of the 
species examined. Noble (1922, 1931) in his investigation of 
the thigh musculature of the ilnwra came to the conclusion 
that the different relations of certain thigli muscles, and 
the different manner in which tliey are " inserted on the 
knee-joint are distinctive features of the different orders of the 
Anura, According to him “ the musculus semitendinosus is 
distinct from the m. sartorius, and its distal tendon passes dorsal 
to the distal tendon of tlie gracilis mass in all diplasiocoplous 
ranids (op. cif., 1931, p.514). In this investigation the term 
“ ranid type " will be used in the sense that Noble used it. 
At this stage no attempt will be made to deny or corroborate 
Noble’s assertion that the manner of insertion of certain muscles 
of the tliigh is of diagnostic value in defining the different orders. 
That will only be possible when the results of this investigation are 
correlated with those of previous workers on the same group and 
with those of similar investigations that are now in progress in this 
Institution. 

^Iatejiial and Techntqt^e. 

The material used w’as preserved in 5 per cent, formalin, and 
taken from the collection of Anura in the Zoological Museum of 
this Institution. Peiropedefes johnstoni w'as obtained from Mr. 
F. R. Panington, Director of the University Museum, 
Cambridge. The outline drawings were made with the aid of 
a camera lucida. Owdng to the small size of most of the 
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specimens, it was necessary to carry out the dissections under 
water under a low power microscope. The gracilis minor 
acquired in many cases such a close connection with the skin 
that it was often necessary to apply a few drops of concentrated 
hydrochloric acid to the skin around the anus and wash in water 
to determine whether the muscle actually arises from the skin 
(Bigalke, 1926). The nomenclature adopted is that laid down 
by Gaupp (1896-1904). 

The following species were examined — the number in 
brackets after each denotes the length in millimetres. 

Anhydrophrync rattrayi (18); Arthroleptia minutus (21); A,wageri 
(32); A.adolfi-friederici (^); A.reichei (29); Arthroleptella sp. (16); 
Arthroleptides mariietissensi (23); Cacoatemum capense (34;) 
C.hoettgeri (23); C.namaquenae (19); C.hoettgeri var. alhiventer (17); 
Microhatrachelia capenaia (14): Microhyla caroHnenaia (32); 
Fhrynohatrachva kinangopenaia (21); Petropedetea johnatoni (63). 

Only those thigh muscles which, according to Noble (op. cif., 
1922), have a phylogenetic bearing will be discussed. Detailed 
descriptions of the thigh muscles together with their innervations 
have been given by Gaupp (op. cif.) for JRano, by Nussbaum (1898) 
for several other genera, and by Beddard (1908), Noble (op. cit., 
1922) and Bigalke (op. cit.). 

The Thigh Muscles. 

Sariorius and adductor longus. 

The relations of these two thin, flat muscles to each other 
vary considerably. Three types of variation were observed. 

1. The adductor longus arises almost in front of the 
sartoriiis, and the two lie side by side in Arthroleptia minutus 
and Microhyla carolinensis. A similar condition obtains in 
Phrynobatrachua kinangopenaia (Nel, 1941). 

2. At its origin and along its posterior margin it is partly 
or almost completely covered by the aartoriua in Cacoatcrnum 
spp. (Fig. 1), Arthroleptia reichei and Anhydrophryne rattrayi 
(Fig. 2), and in Arthroleptella bicolor (Nel, op cit. Fig. IX). 
In Arthroleptia reichci some of the posterior fibres of the 
aartoriua fuse distally with the caput vcntrale of the adductor 
magnua. In Arthroleptella bicolor some of the distal fibres are 
inserted on the anterior margin of the gracilis major. 

3. At its origin and along its entire length it is entirely 
covered by the aartoriua in Microbafrachella capenaia y Petro- 
pedetes johnatoni (Fig. 3) and Arthroleptidea martienaaensi. 
The very small size of the adductor longus in the latter two 
species is very significant. 

My observations on Microbatrachella capenaiSy Cacoatcrnum 
spp., and Anhydrophryne rattrayi agree very nearly with those 
of Nel (op. cit.). 

Adductor magnua. 

The relations of the caput doraale to the gracilis major can 
be summarised as follows : 
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^ 1. Proximally the anterior margin of the gracilis major 
entirely covers the caput dorsals in Anhydrophryne rattrayit 
Fhrynobatrachus kinangopensiSj Arthroleptis spp., and Arthro- 
leptella bicolor, 

2. It covers the peater part of the caput dorsals in 
Cacosternum spp., Microhyla carolinensia and Arthroleptis 
wageri, 

3. It does not cover it (as in Rana) in Petropedefvs 
johnstoni and Arthroleptides martienssensi. 

There is a third or accessory head to the adductor magnus 
in Microhatrachella capensis and Arthroleptella hicolor in which 
it consists of a few fibres only; a distinct accessory head in 
Cacosternum capense and C. namaquense (absent in 0. 
boetigeri), in some species of Arthroleptis e.g. A, adolfi-friederici ; 
a well-developed head (as in Rana e.g B. fuscigula) in Pefro- 
pedetes johnstoni and Arthroleptides martienssensi, 

Oracilis major. 

The presence of an inscript io tendinoa running obliqucdy 
through it at any point between the proximal and distal third 
of its length, is characteristic of the gracilis major. The relations 
of this muscle were found to be similar to those in Rana, except 
that in Anhydrophryne rattrayi the inscriptio tendinea runs 
ventrally over its whole length apparently dividing it into two 
halves. 

Oracilis minor. 

In species of Arthroleptis, in Cacosternum spp. (but not in 
C. boettgeri var. alliventer) this slender muscle consists of an 
anterior and posterior slip. The former arises in the usual way, 
ventral to the gracilis major from the outer surface of the pubic 
symphysis, anteriorly to the rectus abdominis, and posteriorly 
to the skin below the compressor ani, in some cases it arises 
like the fibres of the posterior slip from the thin tendon running 
from the pubic symphysis. After attaching themselves to the 
skin, the fibres of both slips lose their skin attachment, and 
together witli the gracilis major insert ventrally on the liead of 
the tibia. 

In Fhrynobatrachus hinangopensis and Arthroleptella bicolor 
a similar condition obtains, but the fibres of the posterior slij) 
definitely arise from the skin immediately below the compressor 
ani. In Anhydrophryne rattrayi and Microhyla carolinensis, the 
gracilis minor is merely a thin flat muscle which arises from the 
pubic symphysis, attaches itself to the skin and thence proceeds as 
a thin strip of muscle to insert with the gracilis major. 

In Microbatrachella capensis the gracilis minor is a mere 
bundle of fibres originating from the skin below the compressor 
ani. The gracilis minor is a single, flat muscle in Petropedetes 
johnstoni and Arthroleptides martienssensi. In both, the origin 
has shifted backwards and cannot be observed from the ventral 
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surface. In Petropedetea johnaioni it arises from the posterior 
edge of the compreaaor ani, from the fibres by which that muscle 
is connected with the skin round the anal opening. In 
Arthroleptidea mariienaaenai, it takes its origin below the 
compreaaor ani from the posterior extension of the ligament which 
runs from the pubic symphysis to the rcctua nbdominia. In 
all the remaining species the condition is the same as in Rana. 

Scmiteiidmoaua, 

The sinking of the two heads of this muscle deep within 
the thigh to the position they occupy in ^Rana, is significant 
of the higher Diplaaiocoela. Its phylogenetic significance has 
been emphasised by Noble (op. cit. p.BO, 1922). For all Ranids 
he claims that (1) the gracilia major and minor dip under the 
tendon of the Sartoriua to insert on the distal end of the femur, 
(2) the distal tendon of the acmitendinoaua is free from the 
gracilia mass and is inserted dorsal to the disial tendon of the 
gracilia mass. This condition is illustrated in Fig. 4, which has 
been drawn from a dissection of Rana fuacigula. 

All the species examined exhibited this typical ranid type 
of thigh musculature. It was interesting to find that in 
Arthrolepiia spp., in Petropedeiea johnafoni and others, the distal 
tendon of the aemitendinoaua was so closely applied to the distal 
tendon of the gracilia mass, that one can well imagine a condition 
where the tendon of the aemitendinoaua actually pierces the 
gracilia mass. This latter condition has been found by Noble 
for a bufonid Pleuroderma bibroni. The ranid type of muscu- 
lature in Arthroleptella was referred to by de Villiers (1929). 
In his short reference to it, he does not accentuate the real 
nature of this type of musculature, as explained by Noble (op. 
cit,). The species in which the aemitendinoaua gives off an 
accessory head of the adductor magnua have already been 
mentioned. The two heads, the origins of which are well known 
(Gaupp op. cit,) are usually more or less of the same size, and 
fuse distally. The only case in which a remarkable variation 
exists is in Arthroleptia adolfi-frcderici, where the dorsal head 
is principally a tendinous thin ribbon throughout with a very 
short belly on the proximal third. In Cacoaternum spp. the 
sinking in of this mus(*le has gone so far, that its distal portion 
lies exposed between the gracilia mass and the acmimembranoaua. 
According to Nel (op. cit.) a similar condition obtains in Micro- 
hatrachclta capenaia and Arthroleptella bicolor, its exceedingly 
long tendon in Petropedetea johnatoni (Fig. 3) and Arthroleptidea 
martienaaenai is very significant. 

Tricepa femoria ( = tenaor fasciae latae, ennalia and glufaeua). 

A tenaor fasciae latae was present in all the species 
examined. Its size varies, but not to such an extent as to 
warrant special consideration. An accessory head of the cruralia 
is present in Cacoaternum capenae and C. namaquenae (but not 
in C. boettqeri), in Microhyla carolinenaia and Microbatrachella 
capenaia. Tliis splitting off of an accessory head of the cruralia 
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is incipient in Rana (Gaupp op. c/t.), in Bufonids TNoble op. cff,, 
1922, Bigalke op. cif.) and in Pelobatids (Nussoaum op. cit, 

p.881). 

lliacuB externvs and lUacus internm. 

“All families of frogs and toads above the discoglossids, 
pipids and pelobatids lack the accessory head of the iliacus 
extemuB “ (Noble op. cit. p.28). Although it would be incorrect 
to speak of an accessory head of the iliac ub externus in 
CacOBtemum hoettgeri and C. namaqveriBe, it is interesting to 
note that in these two species this muscle arises dorsally on 
the ilium, as in Bufo vulgariB (Bigalke op. cit,), and not laterally 
as in Rana (Gaupp op. cif.). Distally there is an incipient 
splitting off of an accessory head inserting on the proximal end 
of the femur immediately in front of the insertion of the bulk 
of the muscle itself. 

In none of the species examined was there an accessory 
head to the iliacvs infemus. 

Biscussion. 

To decide whether alight variations in origin, insertion and 
size in the thigh musculature of the Microranids have any 
taxonomic value, it is necessary to bear in mind that each of 
the following pairs of muscles: CruraViB and glutaeuB, pectinevB 
and adductor longus, BartorivB and semitendinoBUB, graciliB 
major and qracilis minor, was a single muscle in the primitive 
Salientia (Noble op. cit., 1922). 

We cannot conclude that in the Microranids a greater degree 
of fusion between any pair of these muscles denotes a less 
specialised, and a lesser degree of fusion, a more specialised 
condition. In Cacostemum capenBe and C, namaquensc and in 
Arthroleptclla there is a greater fusion bet\>een the cruralis and 
the glutaevB than in Microbatrachella capenstB. If this means 
a less specialised condition in the two species of Cacosternum, it 
at once becomes more specialised on account of the presence of an 
accessory head to the cruralis. The same type of argument would 
apply to Microbatrachella capensis in which also there is an 
accessory head to the cruralis, 

I found that the same type of variations in the thigh muscles 
may occur in species belonging to different genera. These 
variations can, therefore, have no taxonomic significance for 
determining species. But it can be definitely stated that in the 
Microranids examined there is a ranid type of thigh musculature 
as defined by Noble for all diplasiocoelous Salientia. 
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FIGURES AND ABBREVIATIONS 
Fig. 1 : Thigh muscles of caeostemum capense. Ventral vieTi . 
Fig. 2 : Thigh muscles of Anhydrophryne rattrayi. Ventral view. 
Fig. d: Thigh muscles of Petropedetea johnatoni. Ventral view. 
Fig. 4: Ventral view of the thigh muscles of Bana fuacigiUa 
(partly schematised) to illustrate the ” ranid type ” of thigh 
muscMilature : add.long., adductor longus; add.mag.acc.head, adductor 
magnus accessory head; add.mag.cap.dors., adductor magnus caput 
dorsale; add.mag.cap.vent., addu^or magnus caput ventrSe; attach, 
to skm^ attachment to skin; crur., cruralis; grac.maj., gracilis major; 
grac.min., gracilis minor; pect., pectineus; sart., sartonus; semiten.- 
dors , somitendinosus caput dorsale; semiten-cap.vent., semi- 
tendinosus caput ventrale; tend.grac., tendon of gracilis ma^s; 
tend.semiten., tendon of semitendinosus. 
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During the past fifty years textbooks of anatomy have given 
essentially the same account of the structure of the testis. The 
description which follows is taken from Ffazer (1937) and may 
be regarded as typical: 

“ The mediastinum testis. . . extends into the organ for 
one fourth of its anteroposterior measurement, and from 
its sides and anterior border a number of septa. . . pass 
off, which extend in various directions as far as the 
inner surface of the tunica albuginea, to which they 
are attached. By means of these the interior of the 
testis is mapped out into a number of lobes. . . These 
compartments contain the convoluted seminiferous 
tubules collected into bundles called lobes of the testis 
which vary in number from 100 to 200. Each lobe 
contains from two to four tubules. . . When the coils 
are undone the tubule measures about t\\/o feet in length. 
The tubules of each lobule unite into one, and the 
tubules of adjacent lobules unite in turn, and so give 
rise to straight tubules. . . These straight tubules enter 
the mediastinum, where they form the rete testis.” 

This description implies that the testis is a compound tubular 
gland. However, the studies of Huber and Curtis (1918) on 
the rabbit, and those of Bremer (1911) and Johnson (1934) 
on the human foetus and adult respectively, all indicate that 
the tubules are not arranged in this way. It has, therefore, 
appeared worth while to make a new examination of the tubule 
pattern. 

Material and Methods. 

The testes used were those of South African Negro adults. 
Except for one unfixed testis, they were taken from dissection- 
room cadavers fixed by formalin injection. The tubules were 
studied by gross dissection. Johnson (1934) devised a prepara- 
tory maceration technique to facilitate dissection; this, however, 
had to be considerably modified to suit my material. After 
removal from the body the fixed testes were kept in 10 per 
cent formalin until they were needed for dissection. The tunica 
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albuginea was carefully stripped back to the mediastinum, and 
the exposed tubules immersed for two or three hours in 25 per 
cent hydrochloric acid. This procedure was found to dissolve 
the interstitial tissue without softening the tubules. In some 
testes the tubules had become softened before treatment was 
started, and these could not be dissected. The fresh testis was 
kept in normal saline solution for 18 hours after removal from 
the body. When the tunica albuginea was dissected back, 
'teasing was found to be impossible because the tubules were 
surrounded by a highly viscous interstitial fluid (of “ tissue **) ; 
immersion in 25 per cent hydrochloric acid for a minute freed 
the tubules from their matrix. 

After maceration the testes were washed and the tubules 
teased in air under a binocular dissection -microscope. Tubule^* 
were picked up on the surface and traced; their direction and 
branchings were mapped. In this way the tubuli recti, being 
approached from their distal ends, were less readily broken. 
Provided the tubules were kept moist, it was found better to 
dissect in aif; in water they float freely and one frequently 
loses the thread. 

By this method the testis need not be cut. 

Johnson considers it possible to distinguish between divertl- 
.cula and broken tubules by careful inspection. This I found 
extremely difticult, since there appeared to be no clear difference 
between genuine diverticula (placed where one could safely 
suppose that the tubule had not been strained to breaking-point) 
and broken tubule branches. 

Observations. 

Figures 1-3 show the pfincipal features of the tubule 
morphology. Only the branchings and approximate lengths are 
indicated, and nC> attempt has been made to reproduce the 
contortions which merely obscure the pattern. Other dissections 
showed patterns not essentially different from these. 

Anastomosis between convoluted tubules is widespread, and 
takes place in all directions ; circular anastomoses (Fig. la) were 
frequent in the more extensive dissections. However, no circle 
has fewer than three tubules leading from it (Fig. 3b) and 
more commonly there are four or more. Belatively straight 
tubules are sometimes seen lying between bundles of contorted 
tubules. The local naf rowings described by Johnson were not 
seen. Diverticula were more common in some testes, but were 
less common in my material than in Johnson’s. A group of 
local dilatations was onbe seen. These are the ampullae of 
Eberth, and their position is marked in Fig. 2. No unbranched, 
blindly ending tubules were found, and the only tubule 
completely unravelled was a simple arch. (Fig. 3c). 

The tubuli recti are short, translucent channels, somewhat 
thinner than the tubuli contorti which they connect to the 



222 SOUTH AFRICAN JOURNAL OF 80 IBNCE. 

mediastinum. Macroscopioally they appear to be prolongations 
of the rete testis. They are sometimes Y-shaped, and a 
contorted tubule is connected to each prong of the Y, as seen 
in Fig. 8a. Diverticula at the junction between straight and 
contorted tubules, such as Johnson described, were not found. 

Septa are imperfect and irregular. Lobules are not 
completely separated from neighbouring lobules, and the state- 
ment that there are between two and four tubules in each lobule 
is incorrect. A lobule consists of only a part of a contorted 
tubule complex in a relatively separate connective-tissue sheath. 
Each limb of the tubule- arch shown in Fig. 3c was gathered 
into a “ tubule-bundle or lobule of the testis. (It should be 
noted that the terms ‘‘ lobe ** and “ lobule ** are apparently 
interchangeable.) 

Discussion. 

Johnson (1984) showed that the tubules of the human testis 
form a series of arcades, as found in the rabbit by Huber and 
Curtis (1913). But instead of the anastomosis being simply a 
“ two-dimensional one, my preparations have shown that it 
takes place in all directions. Many complete circular anasto- 
moses are present. These are recorded in a diagram given by 
Fort (1871) which is reproduced in Fig. 4a. I have not found 
this arrangement as clearly represented in any more recent text 
on the human testis. 

Bremer (1911) made wax reconstructions of foetal testis 
tubules, and found them to be arranged as arcades of connecting 
radial cords, with transverse connections in all directions. He 
believed that this pattern became largely obliterated in later 
development. My findings show the adult structure to be not 
\ery different from the foetal plan. The obliteration is at least 
not as extensive as Bremer had supposed. Bremer also speaks ot 
tubules (believed to represent the radial cord§ of the developing 
testis) which run with a slight wavy course from the fete to 
the peripheral convoluted portion. They occur in my prepara- 
tions, and do not otherwise differ from true tubuli contorti. 
These structures are evidently what Sappey (Latarjet, 1931) 
regards as “ tubuli recti,** in that they are gathering tubules 
of straight direction. 

The modern use of the term “ tubulus rectus ” has been 
outlined .with the observations, but it is as well to point out 
that at one time it appears to have referred to something quite 
different. Alexander Monro (Fyfe, 1801) and Astley Cooper 
(Morton and Cadge, 1850) called the tubules between the 
mediastinum and the epididymis the vasa recta, i.e. rete testis 
plus ductuli efferentes. The name ** rete testis ” was then 
applied to the upper posterior part of the gland where these 
vasa lie. 

The arrangement of the testicular tubules as demonstrated 
by this study is thus widely different from the description still 
current in textbooks. Further, it resembles in no way the 
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structure of a compound tubular gland. The origin of the 
teztl^k account is obscure since the literature is not accessible, 
but it appears that Lauth and Krause were the chief contributors. 
Their papers, which are over a hundred years old, have been 
referred to by other writers, but were not available. Besides 
this, Astley Cooper published a woodcut for his work on the 
testis in 1880 (see Fig. 4b) which has been used and modified 
to illustrate the teztl^ok description. It may be fairly called 
misleading, since it fails to represent, even diagrammatically, 
the testis as it is actually built. 

Cowdry (1988) has remarked, concerning the work of Huber 
and Curtis, that the peculiar afches in the tubules of the testis 
are without parallel in the body. This view may be justified when 
one takes, for one’s comparison, the glands of external and 
internal secretion. But the testis is not really* comparable with 
ordinary glands, since it is a cytogenic ” organ of mesodermal 
origin. It has no greater title to the term '' gland ’’ than have 
either bone marrow or lymph nodes, which also produce cells 
and are derived from mesoderm. The similarity between sperma- 
togenic and haemopoietic tissues goes further. The capillaries 
of the vascular area of the yolk-sac, for example, are mesodermal 
and cytogenic,” and when new capillaries are formed, as in 
granulation tissue, they develop in arcades with cfoss-anastomoses 
exactly as do the testis tubules. A close analogue of the testis 
may therefore be sought in vascular structures rather than 
amongst ordinary glands, where little indeed can be found to 
resemble the tubuli contort!. 
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Summary. 

Most accounts of the morphology of the human seminferous 
tubules are misleading. The tubules form a complex anastomotic 
meshwork resembling the patterns of newly-formed or embryonic 
capillaries. Lobules are built up of portions of such systems, 
and are not formed by separate tubules. 

Note. — ^In the accompanying; figures, branches broken or not 
followed are represented by open tubule ends. Closed tubules represent 
diverticula. 

Fig. (la) Tubule complex which occupied four lobules. 

Fig. (lb) The same, arranged to show pattern. 

Fig. (2) Tubule complex arranged to show pattern. X shows site 
of ampullae. 
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Figq. (3a, b, c) Further dissections, showing tubiili r<^ti. 

Fig. (4a} Circular tubule ftnastomoses (modified from Fort, 1871). 
Fig, (4b) Astley Cooper’s woodcut (from Morton A Cadge, 1850). 
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Introduction. 

The importance of the pancreab as an organ ot evteuial 
and internal secretion has led to extensive investigations of tlK‘ 
gland in mammals and to a lesser extent in lower vertebrates 
At the present time, however, comparative studies of the 
pancreas are infrequent in the literature, especially as regards 
the reptilian pancreas. The pancreas consists of many cell types, 
and in order to determine whether these are specific cell t\pcs 
it 18 necessary to trace their phylogeny as far back as possible. 
As no study of South African snakes has yet appeared, th(‘ 
common South African snake, Boodon Uneafus, has been chosen 
for this study. 

Material and Methods : Four specimens of Boodon 
lineatua were available. In each case the pancreas and spleen, 
being attached to one another, ^ere fixed simultaneoush . In 
two specimens the pancreas was cut transversely into three pieces 
prior to fixation, while in the remaining two it was cut longi- 
tudinally. The latter method of section was found to be most 
satisfactory, as the greater part of the islet tissue is contained 
in the splenic end of the pancreas. 

The fixation of the pancreas in mammals has always 
presented certain difficulties, and in the case of the snake*, these 
are accentuated. In order to prevent shrinkage, and to be able 
to demonstrate adequately the cytoplasmic inclusions, some 
preliminary fixation experiments were carried out. These aie 
listed in Table 1. 

Table 1 shows that Zenker-formol, to which has been added 
4cc. normal saline, provides a fixative which causes little 
shrinkage and gives good fixation of acinar and islet tissue. The 
addition of saline to cobalt nitrate and formalin reduces shrinkage 
slightly, but only the zymogen granules and alpha cells in the 
islets are well preserved.- Twenty-four hour fixation wdth formol 
or formol-saline gives poor results, but here again the zvmocen 
granules are well fixed. However, this fixative demonstrates the 
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mitochondria. Therefore, it is possible to conclude that Zenker- 
formol and saline is the best fixative for acinar and islet tissue. 
Shrinkage is least marked using this fluid and it is the fixative 
of choice for cytoplasmic study and nuclear structure, notwith- 
standing the fact that mitochondria are more in evidence in 
formol-saline fixed tissue and the Golgi apparatus is demonstrated 
only by the Da Fano method of fixation and impregnation. 

The tissues were dehydrated in alcohol, cleared in chloro- 
form, embedded in wax and sectioned at a thickness of 3 and 4 
microns. The routine stains used were: — 1. Mallory’s triple 
stiiin; 2. Azocarmine modification of Mallory’s stain; 3. 
Altmann’s Aniline Acid Fuchsin and Methyl Green Stain. 

Observations : Qrosa Features (Fig. 1) : The pancreas is a 
small, pale, compact organ measuring approximately 1*25 by 
0-75 cm. It is attached by a mesentery to the gut at the level 
of the pyloro-duodenal junction, and is closely applied to the 
spleen and the gall-bladder. The spleen lies at the upper pole 
of the pancreas, and the two organs are enclosed by a thin 
peritoneal covering. So intimate indeed is the relation bcween 
these two organs in snakes, that Thomas (1942) has demonstrated 
the presence of pancreatic tissue in the spleen of some American 
snakes. In one of the specimens used in this study also, small 
amounts of acinar tissue have been seen in the splenic capsule, 
and a small accessory pancreas has been observed at the cephalic 
end of the spleen. 

The blood supply of the organ, although easily demonstrated 
microscopically, is by no means clearly displayed to the naked 
eye. 

Microscopic Features: Microscopically the pancreas is 
essentially the same as that of a mammal, consisting of exocrine 
and endocrine portions. The gland is divided into lobules by 
connective tissue trabeculie traversing it in all directions, and 
apparently originating from the loose connective tissue capsule, 
which invests the whole gland. Blood vessels, nerves and ducts 
arc interlobular structures contained within the trabeculse. 

Exocrine Portion (Fig. 2c) ; The cells comprising this 
])oitiou are arranged in acini, surrounded by a thin connective 
tissue layer which forms the basement membrane. The size 
of the acini is extremely variable, some being formed by as 
few ns five cells, others by ns many as twenty cells. 

Generally the cells are pyramidal in shape, but the shape 
is modified during the stages of the secretory cycle. The average 
cell size, however, is 14. x 8*5 microns. 

The cytoplasmic inclusions are distributed in three zones — 
basal, central and epical. The zymogen granules lie in the apical 
zone, between a more or less centrally placed nucleus, and the 
free surface of the cell. As the cell becomes loaded they may 
fill it completely, pushing the nucleus towards the base. At 
this stage the cell usually contains many large, round, refractile 
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granules. Smaller granules of similar dimensions to those found 
in the guinea pig pancreas, may occur in the early stages of 
the secretory cycle. The nucleus is a spherical body having a 
well-defined nuclear membrane. The chromatin is finely granular 
or in the form of threads, chiefly surrounding the large central 
nucleolus. 

Characteristic of the basal zone of tlie cell in the house 
snake is a homogeneous orange-staining substance easily demon- 
strated by Mallory's stain. Its shape is oval or spherical and 
the amount in each cell is somewhat variable. This substance 
has no affinity for Sharlach B, and with Toluidin blue it is 
demonstrated as a basophilic mass of deeper hue than the basal 
chromidial substance. 

The few mitochondria seen in the specimens are minute 
rods and filaments lying in the basal zone of the cell. They lie 
in close apposition to the basal and lateral surfaces of the nucleus. 
The Golgi apparatus is a small compact network which lies 
above the nucleus. No Mankowski cells have been observed in 
any of the specimens. 

Duct System: The duct system is similar to that found 
in any tubulo-alveolar gland. The larger excretory ducts are 
lined by columnar epithelial cells between which a few goblet 
cells are interspersed at intervals. It is difficult to distinguish 
a definite basement membrane, although the ducts are 
surrounded by a thick band of collagen in which is seen an 
occasional muscle cell. As the ducts pass more deeply into the 
substance of the gland the epithelium changes from columnar 
to cuboidal shape, ending finally in a flattened type of cell, 
the centro-acinar cell. The collagen investment of the ducts 
decreases pari-passu with the decrease in size of the duct. The 
columnar and cuboidal epithelial cells are normal in appearance 
and the centro-acinar cells have pale homogeneous cytoplasm, 
and oval, vesicular nuclei containing a nucleolus. 

Acinar cells are frequently found forming one side of a duct 
as is seen in Figs. 2a and 2b. Tlie acini are apparently connected 
to the duct system in t\\o ^^a}s — either they are directly 
connected to the ducts as tubular outgrowths, or the centro-acinar 
cells form a means of communication between the two. The 
centro-acinar cells are observed lying in the lumen of the acini. 

There is a system of tubules in the pancreas which has been 
observed in close relation to both acini and islets. The cells 
are cuboidal in shape, have an exceptionally clear homogeneous 
cytoplasm, and spherical or slightly oval nucleus. The chromatin 
is finely granular but not scanty, and there is a nucleolus in 
each nucleus. These cells appear to have the capacity to form 
acinar and islet cells ; both types have been observed arising from 
this common origin. 

Endocrine Portion: In the pancreas of the snake almost 
all the Het tissue is situated in the splenic end of the paqcreas. 
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There are, however, numerous small islets scattered throughout 
the body of the pancreas. This condition is similar to that 
observed by Thomas (1042) in his series of snakes. The islets 
in the splenic end appear to liave an irregular outline and are of 
large dimensions, one of the larger islets measuring 1,057 x 500 
microns. The islets in the body of the gland are smaller, usually 
comprising only a few cells. Connective tissue may enclose the 
islets, and capillaries follow the course of the trabecul® which 
tend to divide the tissue into cords of cells. However, there 
may be no demarcation between acinar and islet tissue in which 
case one of the following conditions may obtain; — 

(a) Small islet masses of four or five cells ina\ be completely 
surrounded by acini, or fonn part of an acinus. In 
these cases the islet cells arc alwa\s orientated to^^ards 
a blood vessel. 

(b) A few acinar cells, or two or three acini may be observed 
lying within an islet. 

As stated above, primitive duct cells or the cells of the 
tubules appear to play an important role in the formation of new 
islets. These cells are fairly numerous in the islets where they 
are arranged around a small lumen, together with a few alpha 
or beta cells. On the other hand, isolated tubules are found 
scattered between acini. In this position too, their function is 
demonstrated by the fact that young islet cells can he seen 
forming among the duct cells. 

Four types of cells have been observed in the islels; these 
are distinguished as alpha, beta, C and H cells. There is in 
addition, a cell containing basophilic substance. 

Alpha Cells (Figs. 3a-3f) : These are numerous, consti- 
tuting 40-45 per cent, of the cells in an islet. They contain 
bright red-staining, retractile granules (Mallory Azan stain), 
which are of a coarser nature than the beta or ]) granules. 
The cytoplasm is faintly basophilic, and the oval vesicular nuclei 
each have a nucleolus. A secretory cycle has been established 
for the alpha cell, and various stages are depicted in Fig. 8. 

Fig. 3a is an agranular or C cell. In the anabolic cell 
(Fig. 3b) the granules make their appearance in the centre of 
the cell near the nucleus. As anabolism proceeds the number 
of gi’anules increases, and the nucleus moves from the centre 
to the anti-haemal pole of the cell, (Fig. Be.), which at this 
stage is usually columnar in shape, and the gi’anules so 
numerous that little cytoplasm can be observed. In the storage 
phase (Fig. Bd), the nifcleus is obscured by the granules which 
present an almost homogeneous appearance due to the fact that 
they are so closely packed. The cells degranulate from the 
haemal pole, and the degranulating cells have the characteristic 
flame shape seen in Fig. Be. The nucleus in this phase may 
be slightly more chromatic than in the earlier stages of the 
cycle. Fig. 3f is n later stage in the secretory cycle. 
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Beta Cells (Figs. 4a-4d): There are approximately as many 
beta as alpha cells, although there may be individual variations 
in the islets. The granules in these cells are orange or yellow 
staining with azocarmine, finer and less retractile than the alpha 
granules. 

Fig. 4a depicts an agranular cell. In the beta cell the first 
granules to appear are peri-nuclear (Fig. 4b). In the fully 
granulated cell (Fig. 4c), the granules, although numerous, are 
not as closely packed as in the alpha cell at this stage. The 
nucleus is more chroniatic and may be irregular with an indented 
nuclear membrane. In contradistinction to the alpha cell the 
shape of the degranulating cell does not apparently change, 
although it is difficult to distinguish the cell membrane. In Fig. 
4d, which is a degranulating cell, the position ot the membrane 
has been indicated by a broken line. 

C Cells (Figs. 8a and 4a): The cells are usually found in 
groups, in a rosette arrangement. They are oval or cuboidal, 
and the cytoplasm is clear and faintly basophilic. The nucleus 
is oval, or spherical as in the duct cells, and lies slightly 
eccentrically. Although vesicular, tlie nucleus appears more 
chromatic than in the alpha or beta cells. 

These cells are almost identical in structure with the cells 
of tlie tubules described above. A complete secretory cycle for 
the C cells cannot be established, and they are regarded as the 
agranular stage in the cycle of the alpha or beta cells. 

T) Cells: These cells are the least numerous, and are 
not seen in every islet. Occasionally a group of two or three 
cells is observed, but usually single cells lie scattered between 
the other islet cells. They are oval or wedge-shaped and contain 
numerous fine basophilic granules. The nucleus is oval, and 
fairly chromatic. A secretory cycle for these cells could not 
be established. 

Cells Containing Basophilic Material (Figs. 5a-5d): In 
Figs. 5a-5d are represented cells which are frequently seen in 
the islets of Boodon hneatus, but which I have not observed 
in human or guinea pig pancreas. The cells are not numerous, 
but are present in practically every islet. They may be the 
same size as an alpha cell or twice as large. Their shape is 
oval or spherical and they contain a deeply basophilic substance 
which is bnlike cytoplasm in appearance. This substance varies 
in quantity in the cells in which are often found granules identical 
to alpha granules. The basophilic material has the structure of 
coarse irregular masses, and there is apparently a proportional 
relationship between the quantity of material and the alpha 
granules. Cytoplasm is not seen, neither is there a nucleus in 
every cell, but where there is a nucleus it lies against the cell 
membrane. It is oval and vesicular. 

These cells are not recognised as any described cell type 
and it is impossible to establish for them a place in the normal 
secretory cycle of the other cells in the islet. 
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Discussion. 

' In general these observations corresiK)nd closely with those 
of Thomas (1942) on American snakes, but there are certain 
differences which must be briefly considered. 

Pancreatic tissue is not incorporated in the splenic tissue 
in Boodon lineatuB^ but it has been observed in the splenic 
capsule. Further, not only is the extremity of the pancreas 
very intimately related to the spleen, but an accessory pancreas 
has been found at the cephalic pole of the spleen. How this 
relation between the two organs has come about cannot at 
present be decided. It may imply a more intimate develop- 
mental relationship in the snakes than in mammals, or may 
be merely a result of their close apposition. 

Thomas (1942) states that the islets in the spleen arc 
functional, but that for the acini to remain so, the cells must 
be connected with the main body of the pancreas The accessory 
tissue observed in Boodon hneatvH has the appearance ol being 
functional, and the cells all appear perfectly normal. It must 
be concluded that both the exocrine and endocrine tissue attached 
to the spleen is capable of normal function. Presumably, there- 
fore, the exocrine tissue must have a duct system either 
independant of or connected with that of the rest of- the pancreas, 
but this has not been seen. 

The acinar cells in the American snakes are similar in 
structure to those described here. Thomas (1942), however, 
describes in the pancreas of some diamond-back rattlers and 
cotton-mouth mocassin snakes, a series of degenerative changes 
in the acinar cells. Tn one form of degeneration the zymogen 
granules are retained and become very enlarged and highly 
retractile. There follows a change in staining reaction from red 
to orange and the granules may be extruded in this form, or 
may decrease in size and increase in number untii the cells are 
filled with fine granules which stain a dull pink-red shade. This 
t,^pe of degeneration, Thomas thought reminiscent of the so- 
called ‘ Mankowski * cell.” Tn Boodon lineatuft, however, no 
Mankowski cells were observed. 

There is little doubt as to the existence of a secret or > cvcie 
in the acinar cells. Although the methods used in this study 
did not provide satisfactory details of the changes in the cyto- 
plasmic inclusions necessary for the establishment of a cycle, 
nevertheless certain criteria in this respect were fulfilled One 
of these is the increase in number of the zymogen granules and the 
coincident shifting of the nucleus from the centre towards the 
base of the cell. Another is the enlargement of the granules 
during the late katabolic stage of the cycde, possibly due to the 
coalescence of, several smaller granules prior to extrusion from 
the cell. According to Thomas (1942) the enlargement of the 
granules is one of the early stages in the degenerative process. 
However, in Boodon, as there were no changes in. staining 
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reaction, nor decrease in size of the granules, this enlargement 
is regarded as a normal phenomenon. 

Comparing the acinar cells of the snake with those of a 
mammal such as the guinea pig, certain structural differences 
are noted. In the guinea pig the zymogen granules are never as 
large as those seen in the snake, in any phase of the secretory 
cycle. The nucleus in the snake is spherical, and most of the 
chromatin surrounds the large, central nucleolus; in the guinea 
pig the shape is oval and the chromatin is attached to the 
nuclear membrane and to a lesser degree to the eccentrically 
placed nucleoli of which there may be two. Tlie small compact 
Golgi apparatus of the snake differs from the large loose reticulum 
usual in the guinea pig in which the Golgi threads are much 
coarser. The large mitochondria typical of the guinea pig are 
replaced by very fine, minute rods and filaments hardly visible 
even under oil immersion. In addition the cells of the suake 
possess the orange-staining substance described above. Thomas 
(1942) saw a nebenkern or “ paranucleus lying in the basal 
chromidial substance of some American snakes. This is possibly 
the same substance as that described here, which corresponds 
in structure with the nebenkern of Opie (Cytology of the 
Pancreas). 

A matter of prime importance in the sntike pancreas is 
the relationship between the ducts and acinar and islet tissue. 
The fact that young exocrine and endocrine cells can be 
observed lying in the duct epithelium and next to one another 
in the same duct is clearly indicative that from the ducts new 
tissue is formed, and as Thomas points out, “ each appears to 
be only a modification of the duct cells with which they are so 
intimately associated.*’ It is possible that these are not true 
secretory ducts, but part of a system of tubules described by 
Bensley (1911) in the guinea pig pancreas, the main function 
of the tubules being the formation of new tissue. Another 
significant factor in this regard is the form and arrangement of 
the islets in relation to the tubules and acini. According to 
Bensley (1914), “. . . with a few exceptions, all the islets of 
the pancreas are connected at some place with the duct system. 
In only a few instances, however, does the lumen of the tubule 
penetrate the mass of tlie islet, and even then it is everywhere 
separated from the islet cells by the duct cells.” A condition 
similar td this has been observed in one of the specimens where 
the duct was seen to be surrounded by islet tissue. The presence 
or absence of connective tissue surrounding the islets can also 
be explained on Bensley ’s thesis. If the islet has originated 
from the main duct or one of its branches or from the web of 
ductules referred to above, its position is primarily interlobular, 
and it will have a more or loss well-defined capsule. If on the 
other hand, it has originated from several intralobular ductules, 
it will be in continuity with acini on all surfaces.” This condition 
has also been observed, and the small intralobular ductules are 
often seen lying at the periphery of the islets. 
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The stages in the secretory cycle of the alpha cells are 
comparable in most cases with those described by Lombard 
(1940) in the islets of the human (Bantu) pancreas. Gillman 
(1989) provided certain criteria for identiheation and acceptance 
of a new cell type. These state that the cell must have a 
phylogenetic history, it must be formed at a definite period in 
ontogeny, and all the morphological changes in the cell during 
the secretory cycle must be known. At one stage in the cycle 
the cell may have a completely different form from that at 
another stage. These conditions have been satisfied for the 
alpha cell. 

In Boodon mention has been made of certain basophilic cells 
which have not been identified as a specific cell t;ype. Goniori 
(1941), in his description of the cells in the human islets, 
observed transitions between alpha and 1) cells. He says, 
Intermediate shades from ruby red to clear blue granules can 
be seen,• ** implying a change in staining reactions of the granules. 
He believes that the D cells are probably aged alpha cells, and 
finds both in the same relationship to the acini and epithelium 
of the ducts. Thomas (1942), on the other hand, found cells 
similar in staining reactions to his D cells, but they contained 
varying numbers of orange coloured or beta granules. In Boodon 
hneatua^ the condition is more like that described by Gomori 
(1941), but the masses of basophilic material are too coarse to 
be regarded as the fine basophilic granules seen in the 1) cells. 
The presence of alpha-like granules in the cells may indicate a 
transition to an aberrant form of alpha cell seen in snakes, but 
not in mammals, or may be a form of degeneration of the alpha 
cells. In the castration cells of the pituitary gland, certain 
morphological changes are noted, namely the enlargement in 
size of the cell, and of the Golgi area, and the formation of a 
vacuole which almost fills the cell. There may be some correla- 
tion between the cjtological changes in the beta cell in the 
pituitary and those nested in the cell described here — a change 
in function causing a change in morphology. However, the exact 
nature of those basophilic cells is not fully understood. 

The beta cells are apparently quite normal and similar in 
structure to the beta cells in the guinea pig or Inunan pancreas. 
The C cells are regarded as the agranular stage in the secretory 
cycle of either alpha or beta cells, and they are almost identical 
in appearance with the undifferentiated duct cells or cells lining 
the tubular system described by Bensley (1911). 

• Summary, 

1. In Boodon Vine at us the pancreas is a small compact organ 
attached by a mesentery to the gut at the level of the pyloro- 
duodenal junction. Its tail lies in close proximity to the caudal 
end of the spleen. In one instance a small accessory pancreatic 
nodule was found at the cephalic end of the spleen, and in the 
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same specimen pancreatic tissue was identified embedded in the 
splenic capsule. 

3. Zenker-formol has been found to be the most generally 
satisfactory fixative for the histological study of the snake 
pancreas. 

8, The general histology of the snake pancreas is similar to 
that of the mammalian pancreas. It has been observed that 
the islet tissue is principally located in the splenic end of the 
organ. 

4. Histologically and cytologically the pancreas of Boodon 
lineatns compares closely ^\ith those ot American snakes. 

5. Bpecial attention is drawn to the presence in the pancreas 
of Boodon of a system of tubules, apparently distinct from the 
<»xcretory ducts of the gland. These tubules are lined by 
undifferentiated duct epithelium, which appears to have the 
potentiality for giving rise equally to acinar and islet tissue. 

0. The alpha, beta, C and 1) cells observed in the islets are 
similar to those found in the guinea pig pancreas. The baso- 
philic islet cells have only been observed in the snake and are 
not regarded as a specific cell type. 

1 have to thank Professor K. A. Dart in whose departmenl 
this wwk w’as carried out, Tt was done under the direction of 
Dr. Joseph (lillman to whom I am indebted for his invaluable 
advice and (‘iiticisin. 1 also wish to thank Dr. L. H. Wells for 
Ids suggestions, Miss Sylvia Kisner for preparing the illustrations, 
Miss Nora Smith for assistance wdth the manuscript and Mr. 
Hall for «iupplying the snakes. 
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Zymogen granules are ‘good’ in all the above experiments. Z F.= Zenker formol. G A. = Golgi Apparatus. 
In (B) Mitochondna are demonstrated in acini and ducts; m (K) and (M) in acinar cells. 
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Fig. 1 — ^Tipper abdominal cavity, showing relation of pancreas to other 
organs: 1, Liver; 2, Bileduct; 3, Stomach; 4, Spleen; 5, Pancreas; 
6, Gall Bladder; 7, Pyloro-duodonal Junction; 8, Duodenum. 
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A BEPOET ON A COLLECTION OF SKULLS FEOM 
KRUIDFONTEIN, PRINCE ALBERT DISTRICT, O.P. 

BY 
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Johannesburg. 

With 3 Text-Figures. 


Bead 29th June, 1943. 


This record concerns a collection of eleven skulls which 
were, with one exception, all exhumed from graves on the farms 
Groot Kruidfontein and Abraham’s Kraal, in the immediate 
vicinity of Kruidfontein station, near Fraserburg Road in the 
Prince Albert district. The ren^aining skull (41^) comes from 
the farm Lammer Kraal some miles away; the reason for its 
inclusion in this series will become evident later. 

These skulls were exhumed at various times by members 
of the stafi of the South African Museum and form part of 
a collection at present on loan to the Witwatersrand University. 
Notes on some of these specimens in the Museum records 
indicate that they were buried under cairns, in either a sitting, 
or a horizontal flexed position, (This was confirmed by verbal 
infonnation from Dr. S. H. Haughton who collected some of the 
specimens.) 

Any determinations of sox are merely inferential as onlv 
the skulls are available. The remaining parts of the skeletons 
are in Geneva and no records of sox are to hand. Interences 
as to sex, although by no means fundamental to the evidence 
presented, are, nevertheless useful in explaining the variations 
within a sub-group. 

A metrical analysis of the skulls is presented in Table 1. 
The non-metrical features were analysed according to the scheme 
laid down by Galloway (1937). 

As a result of these analyses these skulls divide themselves 
naturally into three groups. — 

fa) Two skulls, 1885 and 3059, the latter being fragmentary 
closely comparable with Broom’s Kalahari Bush 
material (1928); 

(b) Five skulls (1462, 1887, 1888, 8457 and 4188), closely 
comparable with Drennan’s Oakhurst material (1987); 

(c) Four skulls (1886, 3057, 3058 and 4190), not immediately 

identifiable with any previously described type. 
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Sub-Group A. 

Skull 1885 (Fig. 1) is the robust skull of a fully adult 
individual. The basiocoipito-sphenoid suture is closed and the 
s^lttal suture already shows signs of obliteration. When 
viewed from above this skull shows typically the features asso- 
ciated with Bushman crania. It is short with well-developed 
parietal bosses which make it comparatively wide across the 
parietal region. The frontal width, on the other hand, is 
relatively small so that the skull tapers anteriorly. In the inter- 
parietal region the sagittal suture shows slight grooving. 

In frontal view the vertical forehead, with the abrupt turn 
of the frontal bones, is Bushmanoid in appearance. Certain of 
the features are, how'cver, very strongly reminiscent of the 
Boskop skull. The supraciliary ridges are remarkably w’cll 
developed and the glabella is considerably more prominent than 
is usual with the Bush type. This skull resembles Dreyer's 
Boskopoid Matjies Biver skulls in the possession of a metopic 
ridge. The nasal region is of characteristically Bush type, with 
a large interorbital breadth and small delicate nasal bones, so 
flat that they face completely anteriorly. Due to the over- 
hanging glabella, the upper nasal region has an actually indented 
appearance. The nasal aperture is trapezoidal and hardly 
extends up between the orbits at all. A Boskopoid feature is 
seen in the lower orbital margins which are broad and flat. 
The cheek bones turn back abruptly while the lower face shows 
subnasal and dental prognathism. 

In keeping with the Bushmanoid appearance of the skull, 
the norma basalis shows a palate w^hich is shallow and 
slopes anteriorly, with n horse-shoe shaped alveolar margin. The 
glenoid fossa shows a Boskopoid feature in the extension of the 
articular surface onto the tympanic plate. The small flat 
occipital condyles and the nearly circular foramen magnum are 
Bush features, but the relatively well-developed mastoids are 
more of Boskop than of Bush type. 

The lateral aspect fits well Broom’s description (1923) of 
pure Bush type. As he aptly puts it; “ The whole parietal 
region is depressed as if a board had in infancy been tied 
against the posterior half of the parietals and pre6‘!ed in the 
direction of the alveolar point." Other evidence of Bush blood 
may be seen in the relative shortness of the occiput, the curve 
of the superior temporal line and in the fact that the squamous 
temporal bone does not rise above pterion. 

When one considers the measurement.s and indices, the 
evidence is overwhelnjing. The correspondence between the 
dimensions of this skull and those laid down for the Bush type 
by various authors, is remarkably close. Using Galloway’s 
figures for the Bush skull (1987) as a standard, a brief 
comparison of the major dimensions will serve to point the 
close similarity. The cranial length is exactly the same, the 
cranial breadth and basi-bregmatio height differ from Galloway’s 
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figures by only one millimetre. As a result there is naturally 
a close correspondence in the cephalie and altitudinal indices. 

As regards the other indices, these all fall in the Bush 
category, e.g., the nasal index is platyrhine and the orbital index 
microseme. The cranial capacity of the skull is ISTOoc. This 
is rather high for the Bush type and can be accounted for 
only on the assumption of some additional robust element such 
as Boskop. 

This skull is predominantly of tlie Bush type, but with 
certain features which do not fall in with present day concepts 
of the typical Bush skull. In every case these aberrant features 
are characteristic of the original Boskop skull. In fact there 
is a striking similarity between this skull and Laing’s (1924) 
Za8 and Zal. It is intermediate in character between these 
specimens, being less Boskopoid than Za3 and more so than Zal. 

Skull 3059, is a fragmentary one in which the face, the 
greater part of the frontal bone and the right parietal bone are 
preserved. The skull is that of an adult. Although no third 
molars are present the roots of the second molars are well 
formed and here appears to be no alveolar space for the third 
molars. One may then prefeume that in this individual 
the third molars would probably never have appeared. 

Too little of the calvaria remains to provide any sound 
diagnostic features, but from the slope of the bones one can 
surmise that the skull must have sho>\n in some degree the 
Bush feature of narrow frontal and broad parietal regions. Also 
the top of the skull appears as flat as Bush crania usually 
are. The whole forehead is preserved and this appears to be 
of good Bush type. As is usual with this race the frontal 
bossing is infantile, the forehead low and vertical, turning back 
abruptly into the vault. Above the slight glabella are faint 
supraciliary eminences, while the lateral supraorbital triangles 
show only slight excavation. The orbits are high and quadri- 
lateral with thin margins while the interorbital depth is, however, 
small. 

The nasal bones are missing, but from the form and position 
of the nasal process of the maxillary bone, one can deduce 
that they must have been small and flat as in all Bush skulls. 
Further evidence of Bush blood may be seen in the trapezoidal 
nasal aperture, the sliallow subnasal region and the short and 
shallow pallate. Only two indices can be calculated, the nasal 
and the orbital. These agree with the Bush type in being 
platyrhine and microseme. 

The fragmentary nature of this skull does not permit of 
any conclusive dia^osis, but on the basis of the characters 
enumerated, it appears to be essentially of a Bush type. 

Sub-Group B. 

These skulls form a very homogeneous collection. One 
character in particular is illustrative of their close affinity; in 
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Skull 1462, there is present a well-developed ** os japonicum 
and in three of the others an incipient suture indicates a tendency 
to the formation of this bone. Indeed, one is tempted to regard 
these skulls as having come from individuals of the same family 
group. 

The skulls of sub-group b, form such a close series that 
one can make legitimate deductions as to sex. Skulls 3457 
and 1888, appear to be those of adolescent females, in each 
of which only one of the last molars have erupted. Of the 
remainder. Skulls 1462 and 4188 (Fig. 2). are those of more 
mature males in which the dentition is complete and the 
basioecipto-sphenoidal suture is closed. Skull 1887, is that ot 
a juvenile of 6-8 years, judging from the state of the dentition. 

These skulls are distinguished from the Bush type 
represented in sub-group a, in the following respects : 

(1) Their length is consistently greater. 

(2) They are less broad than the skulls of the preceding 
group, and consequently they are all dolichocephalic. 

(3) Their height is greater, as a result of which they are 
aerocephalic. 

(4) The upper face is longer and the nasal bones 
distinctively elongated. 

Tn all these featuics the skulls of sub-group b, show a 
striking correspondence with the crania from the ’Oakhurst Cave 
described by Drennan (1937). Of these Oakhurst people 
I )rennan writes : ‘ ‘ These cave-dwellers are taller, more robust 
than the ordinary Bushman. In this respect they resemble a 
type to which the name Hottentot has frequently l3een applied. 

The main conclusion to which I have been led by a studv 
of these Oakhurst cave-dwellers is that it is to the Boskop t\pc 
in our own South African caves, and not to relatively modern 
migrations and hybridisations that we must look for the 
immediate ancestry of the Hottentot.^' 

Drennairs view of the physical identity of the Hottentot 
differs from that of Broom (1923) who regard(*d as typically 
Hottentot, a series of very elongated skulls from Upington. 
Skulls similar to those described by Broom have been recovered 
from the same general area along the lower course of the Orange 
River by Dreyer and Meiring (1937), who also regard them ns 
typically Hottentot. On the other hand, Keen (1942) has 
described from this same Orange River area, skulls which 
approach more closely to the Oakhurst crania. 

In view of the divergent opinions of such authorities ns 
Drennan, Broom and Dreyer on the identity of the fundamental 
Hottentot physical type, it seems preferable to attach local, 
rather than ethnological labels to the various morphological racial 
types which have been identified. For this reason I would 
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suggest that the type represented by our sub-group b, should 
be referred to as the “ Oahhurst type.** 

Sub-Group 0. 

Two of these Skulls (4190 and 1886, Fig. 3) are those of 
adults. They are both damsiged, but fortunately the nature of 
the damage is complementary. Their homogeneity can be 
sufficiently established from the overlapping features so that 
one has no hesitation in including 4190 in this group, although 
it comes from Lammer Kraal, some miles on the other side 
of Frnserburg Eoad. Skulls 3057 and 3058, are those of 
juveniles. From the nature of the dentition, 8058 appears to 
have been 8-9 years old and 3057, six months to a year older. 

The skulls of this group differ from those of the preceding 
groups in the following respects: 

(1) They are strikingly broad-headed, so much so that one 
is on first examination not aware that they are by no 
means also short-headed. The adults do not show 
to any extent the Bush character of frontal narrowing. 
They hiive, in fact, broad frontal bones. 

(2) Their nasal bones are* longer and more massive than 
those of the Bush type (sub-group a), but less elongated 
than those of the (lukhurst type (sub-group b). 

(3) The alveolar margin is U-shaped and the mastoid process 
well-developed — too much so for a pure Bush type. 

(4) There is no protrusion of the occipital condyles and the 
whole area round the foramen magnum appears 
depressed . 

(5) When seen from the side, these skulls are ortliognathous, 

but may show slight subnasal prognathism. 

These skulls represent a type whieli is not immediately 
identifiable with any previously described, except in so far as 
they are comparable with the skulls called “ Strandlooper *’ by 
Shrubsall (1907). 

Morphologically this type is explicable as the product of 
hybridisation of the Busli type with a larger and more robust 
type, such as that represented by the Boskop skull, i.c., a 
development of the process already recognised in Skull 1885, 
of sub-group a. We have also seen that Brennan relates the 
Oakhurst type represented by our sub-group b, to the Boskop 
type. Dreyer, Meiring and Hoffman (1938) have drawn attention 
to the genetic possibility of types as diverse as these arising 
by the hybridisation of two racial stocks, one large-headed (our 
Boskop type), the other small-hcaded (the fundamental Bush 
type). 

Discussion. 

The three morphological cranial types represented in this 
collection have been interpreted as diverse products of liybridi- 
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sation between two parent stocks, Bushman and Boskop. Two 
of these three types conform to well-recognised morphological 
entities, the Kalahari Bush type of Broom, and the “ Oakhurst " 
type of Drennan. The third has not yet been identified with 
ony particular type yet described. 

Although these remains are from a comparatively small 
area, we have no way of determining how long a period they 
cover, or whether that period falls wholly within prehistoric or 
partly within historic times. This last possibility is important, 
since in historic times a foreign population might have been 
brought to this area from a considerable distance. If it could 
be shown, for instance, that the most purely Bush type 
represented an aboriginal and one or both of the others an 
immigrant population, we should be in a position to attach far 
more definite significance to these variations in type. 

On behalf of the Department of Anatomy, T wish to thank 
the South African Museum for the loan of this valuable 
collection. My thanks are also due to Prof. R. A. Dart, in 
wdiose department this investigation was conducted; to Prof. 
M. R. Drennan for his constructive criticism and the facilities 
for examining the Oakhurst material, and to Dr. L. IT. Wells, 
whose advice has been of great help throughout. 
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OUR NATIONAL PARKS— PAST AND FUTURE 

BY 

Dr. R. Bigalke, 

Director of the National Zoological Oardena, Pretoria. 

Read 28th June, 1943. 

Game feserves have been in existence in South Africa for 
many years, but tlie National Parks Act was not promulgated 
until the year 1926, and hence the Union’s system of national 
parks only came into existence after that date. 

As the oldest of our national parks, the Kruger National 
Park, has now been established for some sixteen years, the 
development of our national park system can profitably be 
reviewed and future trends discussed. 

At present the Union’s national park s\stem consists of the 
following five parks: — 

The Kruger National Park, established on the 15tli 
September, 1926. 

The Kalahari Gernsbuek National Park, established on the 
3rd July, 1931. 

The Addo Elephant National Park, established on the 3rd 
July, 1931. 

The Bredasdorp Bontbok National Park, established on the 
3rd July, 1931. 

The Mountain Zebra National Park, established on the 2nd 
July, 1937. 

When the National Parks Board of Trustees took over the 
Sabi and the Shingwedzi Game Reserve from the Transvaal 
Province, it was faced with the immediate task of making the 
new national park accessible to the citizens of the Union. This 
meant that the Board had to provide amenities so that people 
could visit the park and enjoy what it offers. In this fespect 
the Board has rendered very valuable services under difficult 
circumstances, for not even the most sanguine protagonist of 
the national park idea could have anticipated the popularity of 
the Kruger Park. On account of this park’s amazing popularity, 
almost from its inception, the Board’s resources were taxed to 
the utmost to provide the necessary accommodation for the ever- 
growing stream of visitors. The work entailed the building of 
fest-camps, huts and stores in different parts of the huge area, 
the provision of water and sanitation, and the building of 
causeways and suitable roads. The Board’s achievements in 
these respects have been very impressive, and it cannot be too 
highly complimented on what it has done with scanty means. 
But this does not imply that there is no room for further 



OUR NATIONAL PARKS. 


249 


improvements. More simple comforts, especially with regard 
to lighting and storage for luggage and foodstuffs in most of 
the rest-huts, remain to be provided. 

Some people think that the provision of simple comforts 
in the rest-camps will “ civilise ” the Kruger Park too much. 
Every biologist and every lover of nature will agree that the 
animal and plant life of the park must for all time be left 
as undisturbed as possible, so that the inter-relations between 
fauna and flora may proceed in accordance with the natural laws. 
Problems may, of course, arise from time to time necessitating 
intervention, but steps should only be taken after a careful 
scientific study has shown what is to be done. The slogan in 
all our national parks should always be “as little human 
interfefence as possible.*' It cannot, however, be seriously 
maintained that the provision of simple comforts for visitors 
will effect the status of the flora and the fauna of the Kruger 
Park in any way. 

Although five national parks are under its jurisdiction, the 
National Parks Board has concentrated its energies on the Kruger 
(National Park, and the criticism has at times been made that 
little has been done to develop the other parks so as to bring 
them within reach of the public. 

In the case of the Kalahari Gemsbuck Park and the 
Mountain Zebra Park, the Board's policy is undoubtedly based 
on the fact that little can be done until such time as good 
roads have been made, so that these parks may be accessible 
to tourists. At present both these parks are still closed to the 
public. 

Since 19J1H the Bontbok National Park has been open to 
visitors from December to April every year, and as a road has 
been made, visitors are able to see the flourishing remnants 
of the bontbok. That the public is making use of the facilities 
is shown by the fact that in 1939 some seventy cars were 
admitted to the park. 

The Addo Elephant National Park is about thirty-five miles 
north of Port Elizabeth, and its principal attraction is the herd 
of about twenty-five Addo Elephants that it contains. In the 
year J9»‘38 about 130 cars were admitted to the park, and in 
the year 1939 the number was about ninety-seven. 

The rapid progress that has been made with our system of 
national parks and the very favourable reaction of the people 
of South Africa calls for a review of the position. 

CONSTITUTIOI^ OF THE NATIONAL PaRKS BoARD. 

The National Parks Act makes provision for the appointment 
of ten members by the Governor- General. Every Administrator 
of a Province in which any national park is situated and the 
Wild Life Protection Society, are entitled to nominate one 
member. That the right of the Wild Life Protection Society 
is entrenched in the Act is both just and wise, for there is 
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certainly no other public body that has done more to bring 
our national parks into existence than that Society. Its efforts 
in this respect go back to the year 1912, when the Society 
urged the Government to nationalise the Sabi and the Shing- 
wedzi Game Beserve (Stevenson — ^Hamilton, 1937 : 133) . 

According to the Act the Kruger National Park was 
established ** for the propagation, protection and preservation 
therein of wild animal life, wild vegetation and objects of 
zoological, ethnological, historical or other scientific interest, for 
the benefit, advantage and enjoyment of the inhabitants of the 
Union.” The National Parks Board of Trustees has now been 
in existence for more than sixteen years, but in spite of the 
Act’s very clear statement of objects, no zoologist or botanist 
has ever served on the Board. This is an amazing state of 
affairs that requires prompt rectification. The omission is so 
glaring as to make further comment superfluous. 

To make the necessary provision, the Board's personnel 
should be increased to twelve members, and it should be clearly 
stipulated that of this number at least one should be a zoologist 
and one a botanist. It may be desirable, also, to have a 
veterinary surgeon on the Board. 

Proposed Beoroanisatiox. 

The National Parks Board of Trustees does not seem to 
have the power to make recommendations for the creation of 
new national parks. This is an important matter that requires 
early attention. In fact, the Union Government should extend 
the Board’s powers to such a degree that the Board may become 
the Government’s adviser on all matters pertaining to the 
Union’s national park system. 

An alternative method would be to create a state depart- 
ment after the fashion of the National Park Service of the 
United States of America, but it is doubtful whether such a 
department would enjoy sufficient freedom of action in the Union. 

To-day the White Bhinoceros occurs in the Union only in 
Zululand. The preservation of this animal has long ago ceased 
to be a • provincial mattpr^ and hence the time is more than 
ripe for transferring the Zululand Beserves and the Natal 
provincial parks generally from provincial to national control. 

Anoth^ important matter is the creation of a national park 
in the Orange Free State for the high veld fauna. This province 
is the only one in which there is no national park at present, 
but the Somerville Beserve could be raised to that status. If 
this were done, it would make provision for the almost extinct 
Black Wildebeest. 

More efficient administration and uniformity of policy and 
achievement will result if the administration of the national 
parks were reorganised. The writer is of the opinion that the 
time has come for the creation of a central office under a 
Director of National Parks with the necessary staff stationed 
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at Pretoria. Where it is warranted by the ciroumstances, each 
^tional park will have the following resident staff: — super- 
intendent or warden, clerical staff, rangers, guide-lecturers, 
tradesmen, handymen, camp attendants, native police, natives, 
etc. At present the complete staff here visualised would oxdy 
be found in the Krugef National Park, as the other parks have not 
yet been developed sufficiently. In any case, some are so small 
that they will never require the same staff us the large parks. 

The trading-rights of the Kruger Park are at present in 
the hands of private individuals or companies that have 
competed for them by means of tenders. Owing to the many 
thousands of visitors in normal times, the concessionaires have 
found this a very profitable investment. As the Park’s revenue 
from this source has amounted to but a fraction of the pfofits 
actually made by the different store-keepers within the Park, 
the Board has missed a valuable source of revenue over a period 
of years — revenue which would have been of great help to 
maintain and improve the Park. As soon us nofmal conditions 
have returned, the Government should take immediate steps 
to provide the National Parks Board with funds to take over 
all stores, so that all profits from the sale of goods and petrol 
and oil may in future accrue to the Park. In the past the 
prices charged in the stores have in some cases been much too 
high. If the Board assumed control, such matters could be 
adjusted. This step would, however, entail the appointment of 
a business manager, who would have the necessary staff in each 
store in the Park. An efficient manager should be able to 
provide the Board with considerable revenue from the stores 
every year. 

The reorganisation here proposed can be tabulated .is 
follows : — 

BOAKD OF TRUSTEES (TWELVE MEMBERS). 


Director of National Business Manager (Kniger 

Parks. National Park) . 

Kruger All other Store Clerical Native 

National National Parks Attendants. Staff. Staff. 

Park. and Staffs. 


Superintendent or warden, clerical staff, guide-lecturers, rangers, 
tradesmen, handymen, camp attendants, native police, natives, 
etc. (The full complement would at present be found only in the 
Kruger Park.) 

Scientific and Educational Activities 
Now that the task of providing accommodation and other 
facilities for tourists has been largely completed, there are tw'o 
important matters which require the Board’s attention at an 
eafly date, and these are the scientific and educational activities 
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of the national parks, especially of the Kruger Park. There 
is scope for much expansion in these activities. 

One of the hrst scientific tasks to be carried out in the 
Kruger Park will be to make detailed surveys of the fauna 
and flora and their distribution in the Park. Thanks to the 
good work done by Col. Stevenson-Hamilton, much is already 
known about the mammalian and the bird fauna of the Kruger 
Park, but detailed surveys are necessary of both these and other 
groups. Similar surveys are also necessary of the flora and of 
the geology (Bigalke, 1989). 

For the scientist the Kruger Park is above all a fruitful 
field for the study of the ecology of animals. Problems which 
should meet with early attention are the inter-relations between 
carnivorous and herbivorous animals, the study of animal 
populations and their cyclic fluctuations, the diseases and 
epidemics of the wild animals, the relationship of supplies of 
food and water to the animal populations and methods of 
improving the position where necessary, the effects of veld- 
buming, and the seasonal migrations of the ungulates. The 
latter is especially important, as it is desirable that the hoofed 
animals should be abundant in the Kruger Park during the 
winter months i\hen the Park is open to the public. The 
influence of veld-burning on the ungulate populations and 
methods of checking or influencing their migrations (e.g., the 
efficacy of salt and bone-meal licks etc.) require thorough 
investigation. Much could perhaps be achieved by deepening 
natural water-holes and vleis where they occur, so that their 
water supplies may last as long as possible during the dry 
season. 

The scientific study of the fauna and flora of the Kruger 
Park will furnish a continuous supply of reliable information 
upon which the educational activities of the Park can be based. 

If tourists are to derive the maximum benefit and pleasure 
from the utilisation of our national parks, it is necessary that 
everyone must be given the opportunity of understanding and 
appreciating the principal features of the parks. At present 
the Board of Trustees has no definite educational policy for any 
of its parks, and the time is certainly ripe for inaugurating such 
a policy in the Kruger Park. 

It is true that the Kruger Park enjoys an excellent press 
service. In normal times the larger newspapers in Johannesburg 
have regularly featured supplements when the tourist season 
has opened. But more than this is required. 

Col. J. Stevenson-Hamilton has published two books, one 
of which (Stevenson-Hamilton, 1929) deals with the Kruger 
Park's wild life, its flora and its people, and the other gives 
an account of the origin of the Park (Stevenson-Hamilton, 1937). 
The writer is responsible for a guide to some of the commoner 
animals (Bigalke, 1989), and Mr. Herbert Lang has produced 
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an album of big game (Lang, no date). More low-priced 
guide-books are required dealing with the zoological, botanical, 
geological and historical features of the Park. 

An educational policy for the Kruger Park will hardly be 
able to ignore what is being done in other parts of the world, 
particularly in the United States of America, which are the 
home of the national parks idea. The National Park Service 
of the United States avails itself of concise and well-illustrated 
guide-books dealing with the fauna, the flora and other featufes 
of the parks, of museums, lectures, camp-fire talks, special 
exhibits, library facilities and abundant literature on all major 
features of the respective parks. Field trips under the guidance 
of rangef-naturalists are popular features of the American parks. 
All of these methods cannot be applied to the Kruger Park, 
but many can be adapted to our conditions. The matter calls 
for investigation by the National Parks Board. 

In this connection it is significant that an Advisory Board 
on National Parks, Historic Sites, etc., has been established in 
the United States to advise the National Park Service on many 
problems that fequire attention, and to elicit the maximum 
value of the national parks, especially in the educational field. 
This Board consists of eminent scientists and educationalists who 
serve in an honorary capacity, and whose work is entirely of an 
advisory nature on many matters — even on general policies, 
programmes of research, education and recreation — relating to 
the national parks of the TTnited States. A proposal to establish 
a similar advisory committee for the ITnioirs National Parks 
Board was recently made by the Wild Life Protection Society, 
but was not favourably received by the Board. 
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A good deal of diseusaion and dissenaion has occurred in 
zoological circles regarding the specific distinction of the various 
striped horses which occur in Central and Southern Africa. The 
various species and sub-species of the so-called *‘zebrine 
group have for the most part Keen recognised by variations in 
markings and colouring (e.g., Sclater, 1900). These criteria 
are manifestly of no value to the palaeontologist whose material 
is invariably skeletal. In order to provide a basis for the 
consideration of extinct types, the writer has accordingly carried 
out an extensive examination of the skulls and teeth of the 
li\ing forms. As a result of this work it is possible to distinguish 
on cranial and dental characters tliree undoubted species, Equun 
zebra, the living mountain zebra, Equm quagga, the recently 
extinct true quagga and Equus huichelUi, the living bonte- 
quagga or BurcheH’s zebra. 

In the descriptions which follow, the nomenclature of tlie 
important elements of equine molar teeth follows the usage of 
Osborn (1907) with some minor amendments. The two enamel 
islands in the upper cheek teeth have long been known as the 
pre- and postfossettes, but the partial islands or inlets in the 
lower teeth have until recently received no name. Stirton 
(1941) has recently suggested the terms metafiexid ” for the 
anterior and ** entofiexid ” for the posterior partial islands of 
the lower teeth, and these terms are adopted here. In the 
upper teeth, the posterior groove which lies between the hypocone 
and hypostyle has been called by Stirton the ‘‘ hypoconal 
groove ** and the groove anterior to the protocone he terms the 
“ preprotoconal grove.*' The present writer suggests “ hypo- 
glyph ** and “ protoglyph *’ to replace these rather clumsy 
terms. 

A large number of skulls of the living zebra and bontequagga 
have been examined in the past few years, and it has also 
proved possible to study rare specimens of the recently extinct 
true quagga. Skeletal material of this extinct species is very 
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difficult to come by. There is a cast of the skull of a young 
individual in the Transvaal Museum, but hitherto, no actual 
specimens have been known. Dr. Broom has given the writer 
a rubbing made from the teeth of a specimen at one time in 
the collections of the lioyal College of Surgeons.’*' and Sir 
Bichard Owen figured a dentition in a little known paper (1869) . 
h'rom these data it has been possible to identify one skull in 
the Kingwilliamstowii Museum and several in the McGregor 
Museum, Kimberley, as belonging to the true quagga. All 
these specimens were found on the farm Koffiefontein in the 
Kimberley district which lies wuthin the known range of the 
quagga. 

In the skulls of the three species, the zebra has a diastema 
between the third incisor and second premolar considerably 
exceeding the length of the premolar series; the quagga has a 
diastema generally less than the premolar length and the 
bontequagga or Burcheirs zebra is intermediate between the 
two, the ^stance thus approximating to, or slightly exceeding 
the premolar length. In the mandible all these relations are 
similar, but the diastema is reduced slightly. The upper 
vestigial first premolar is generally present in bontequagga 
though characteristically absent in the others. The breadth of the 
upper cheek teeth (measured across the enamel from mesostyle 
to protocone) varies in each of the three species from 21 to 
26 mm. and to the best of the writer's belief does not range 
outside these limits. Those of the bontequagga have the halves 
of the ectolopli concave inwards and curving easily into the 
styles, though the mesostyle may overhang slightly. In the 
true quagga and in zebra the halves of the ectoloph are almost 
straight or even slightly convex and are generally marked off 
rather abruptly from the styles. In zebra the parastjle is not 
normally abruptly marked off from the anterior moiety of the 
ectoloph and the mesostyle not very strongly so, particularly 
in the true molars. In quagga, however, the parastyle and 
mesostyle tend to overhang the ectoloph, the mesostyle being 
particularly abruptly marked off and sometimes almost isolated. 
In the true molars these trends are not so strong, but afe more 
marked than in the zebra, though there is often a great deal 
of similarity in the true molars of all three species. In the 
third molars the distinction between the three species is almost 
impossible. In the teeth of zebfa the protocone is small and 
reduced anteriorly. In quagga the anterior development is 
greater, the protocone is slightly larger and characteristically 
bilobate in form. In bontequagga the protocone is much the 
same size, but is not » usually markedly bilobate and is more 
elongate. The fossette folds are variable, but the pli-prcff).ssette 
is usually very weak or absent in zebra and quagga, but typically 
distinct in bontequagga and often quite strongly developed. 
The pli-protoconule is normally strong in bontequagga, but small 


*Now probably destroyed an a result of the '* blitz " on London. 
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or even lacking in zebra and quagga. There are also a number 
of other minor distinguishing characters such as the size of the 
hypoglyph which is normally small in quagga, and in the form 
of the inner wall of the protoconule and the shape of hypocone, 
but the ones cited above are sufficient for the distinction of the 
three species. 


Fig. 1 shows typical upper and lower fourth pfemolars of 
the three species. 




<fu»ggs £, burche/W 




Fig. 1. 


The lower cheek teeth range from 11 to 15 mm. in breadth 
across the enamel (protoconid or hypoconid to metastylid) . The 
distinction of the three species is difficult owing to a wide range 
of variability, but in general, zebra is marked by the possesion 
of well rounded convex outer w alls to the protoconid and 
hypoconid, an acutely pointed valley between metaconid and 
metastylid, and a pointed metastylid ; bontequagga exhibits 
flattened or concave outer walls to the protoconid and hypoconid, 
a fairly acutely pointed valley betw^een metaconid and metastylid 
and a less acute or even rounded metastylid ; quagga shows a 
rounded or slightly flattened protoconid, a flattened hypoconid, 
a rounded valley betw^een metaconid and metastylid and a 
bluntly pointed or rounded metastxlid. There are few folds 
in the w^alls of the metaflexid or entoflexid in any of the species. 

The characters of the incisor teeth, thougli subject to a 
rather large range of variation also show some notable features. 
The cup or “ mark is present in the three incisofs of the 
upper jaw in all three species and in at least the first and 
second lower incisors of zebra and quagga. It is characteristically 
absent in all the lower incisor teeth of the bontequagga,. a fact 
which has recently been discussed by van Hoepen (1940). 
There appears, how’evef, to be a very large range of variability 
in the actual form of the incisors within each species. 

From the point of view of classification, it would appear 
that the three species are quite distinct. The muzzle of the 
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true quagga is notably shorter than that of the zebra, though 
the cheek and incisor teeth have much in common. The 
bontequagga or Burcheirs zebra, while showing skull characters 
intermediate between the other two forms, is sharply 
distinguished in dental character. There can thus be no doubt 
that the bontequagga is very distinct from the true zebra 
despite the many similarities of form and colouring which have 
caused much dispute amongst zoologists with respect to the 
relationship of the two forms. It differs to an equal degree 
from the true quagga, and can under no circumstance be 
regarded as a variety of this form. The specific designation 
quagga must, therefore, be restricted to the historically extinct 
true quagga, and the bontequagga or Burchell's zebra mu^^t 
receive the full specific name hurchellii to which may be 
appended, if it is considered necessary, the varietal names 
wahlbergi, tranavaalenaia etc., though these varieties cannot be 
distinguished on skeletal or dental grounds as far as the present 
writer is aware. 
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Section T 

At the meeting of this Association in 1940 a prelimin.irv 
account of the Wonderwerk Cave was given in which 1 brietiv 
described the site, and Mr. H. B. S. Cooke described the faunal 
remains found in the course of excavations for fertilizer. Tn 
January, 1943, the present authors had an opportunity of con- 
tinuing work in the cave for one week. This time was too short 
to do more than to prepare a plan of the cave and to conduct 
test excavations. Nevertheless, the results thus far obtained 
merit a further interim report at this stage. 

Since my visit in 1940 the deposits in the rear portion of 
the cave have been entirely disturbed in the search for fertilizer, 
but they are untouched for a distance of about two hundred 
feet from the entrance. On measurement the cave was found 
to run into the mountain for some 460 feet from the entrance 
to the back wall. The width is 78 feet at the entrance, narrow- 
ing to about 35 feet for a distance of 160 feet from the entrance, 
and then widening to vary from 60 to 80 feet. The cave is 
apparently due to solution along a plane of weakness in the 
dolomite, but it comes to a dead end and no openings other 
than the front entrance were found. 

Marks on the base of the east wall indicate that the present 
level of the surface of the deposit does not represent the 
maximum height to which the floor once rose. Near the entrance 
the floor at one time stood some two feet above its present level, 
while at 100 feet from the entrance only a few inches have been 
denuded. Use of the front portion of the cave in recent times 
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to shelter stock and as a wagon-house may have resulted in 
compression and possibly removal of the upper layers of the 
deposit, and it seems clear that at least some portion of the 
upper layers found its way down the slope in front of the cave. 
This slope is extremely rich in artifacts for a distance of about 
50 yards from the cave mouth, though there ft no true talus 
deposit. The paintings on the walls do not extend below what 
appears to haAe been the maximum level of the deposit. For 
purposes of the test excavations here described it was convenient 
to record depths from the present surface, bearing in mind that 
in the areas concerned only a few inches, if any, of the deposit 
have been removed. 

Two test excavations were carried out, one at 200 feet from 
the entrance, and a second at 100 feet. The first was in com- 
plete, darkness and consisted in “ squaring off ” a face left by 
guano-diggers. The second approximates to the limit of paint- 
ings on the walls of the cave. 

Test Excavation No. 1 . — ^The excavation was abandoned at 
a depth of 4ft. Gins., the deposit having proved sterile from 
11 inches downwards. Throughout ‘the depth excavated the 
deposit was clearly stratified and, in view of the results obtained 
in Teat 2, the excavation should be continued when work in the 
cave is resumed. 

A reddish sandy layer between 8 and 11 inches below the 
surface, and a grey dusty layer between 3 and 8 inches con- 
tained an industry in grey chert. The material is uncharacter- 
istic but shows a Levnllois technique and includes several cores 
and a few crude scrapers. The workmanship is generally poor, 
but the unsatisfactory nature of the material used must be taken 
into account. The specimens are for the most part sharp and 
fresli, though a few are reworked on more weathered pieces, 
presumably brought from an unknown site outside the cave. 

Above this, the topmost three inches of the deposit contained 
a few* nondescript flakes and debitage which Test 2 leads us to 
assign to an early phase of the Later Stone Age. 

Test Excavation No. 2 . — Three square yards were marked 
off on the present surface and excavated to4)edrock, but large 
rocks fallen from the roof reduced the area excavated below 
23 inches to about two square yards. Bedrock was found to be 
very uneven, and w'as encountered at about 54 inches below the 
present surface. 

The stratification encountered in this excavation is shown 
in the text figure. The red sandy earth between 36 and 42 
inches and the yellowish-red layer from 42 inches to bedrock 
contained a number of finely made hand-axes of advanced 
Fauresrnith type, all made of banded jasper, a very difficult 
material, the use of which was well mastered. In the small 
area excavated eleven complete specimens and fragments of a 
few^ others were recovered. These layers contained 'noticeably 
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fewer angular rock fragments than the over-lying deposits which 
were largely composed of rock fragments fallen from the roof 
of the cave. 


NATURE OF DEPOSITS : CULTURE 



1 SMITHFIELD 


MIDDLE 
I ? STONE 
AGE 


iFAURESMlTH 


The Fauresmith occupation is found from bedrock to 86 
inches and was succeeded by an extremely rough, uncharacter- 
istic industry which lies between (approximately) 20 and 36 
inches from the present surface. This industry is rich in 
debitage, but very ]joor in recognisable cores or tools. The 
general technique can just be recognised as Levallois. The 
great majority of specimens show considerable weathering in 
varying degrees, some even being obviously water- worn. The 
chert used is extremely brittle, but this does not seem to account 
entirely for the very poor workmanship. The artifacts include 
some recognisable cores, and scrapers on cores and flakes, but 
the forms are inconsistent and erratic. It is a feature of the 
material in these layers that a very high proportion has been 
re-w’orked and shows fresh flake-scars intersecting and super- 
imposed upon the older, more weathered facets. A large number 
of very small artifacts, many twice-worked with fresh later 
working, are of the order of size of microliths, but no recognis- 
able microlithic forms are included. 
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Above this rather anomalous material occurred a very rich 
industry of Smithfield A culture. Since the cave is not far 
from the Koning Native Beserve which contains the type site of 
van Hoepen’s (1926 and 1928) equivalent ** Koningse Kultuur/* 
this was not unexpected. The material now used was banded 
jasper for the larger tools, and chert for the smaller forms. The 
most numerous tool types are heavy fabricators, large core 
scrapers and those described by van Hoepen as disc-scrapers 
on slabs of the laminated jasper. One large and fine end-scraper 
of typical fonn was found. Concavo-convex forms would no 
doubt be difficult to achieve in this material, and none were 
found in the excavation. The artifacts in chert include cores, 
core scrapers and a few end-scrapers. Of the flakes of chert, 
very few show any signs of use- The artifacts in chert associated 
with the Smithfield A occupation differ markedly from those of the 
underlying anomalous industry in that they are nearly all 
perfectly sharp and fresh, and except for a few obviously derived 
pieces, none show any evidence of the Levallois technique. 
Apart from the stratigraphy which is in itself conclusive, we 
therefore have no hesitation in associating this material with 
the Smithfield industry of the site. The only other material 
in these levels is represented by a few quartz crystals, some of 
which have been used. 

Particularly interesting associations witli the Smithfield 
industry are considerable quantities of fragments of ostrich egg 
shell, fresh as well cooked or burnt. Tliree small fragments 
found betw^een 4 and 13 inches from the surface show incised 
decorations: one has three (possibly four) parallel rows of lines 
each consisting of a fine zig-zag line resting on a straight line; 
on another three parallel lines cross-ha tclied form part of a larger 
design which is lost, w’hile the design on the third cannot bo 
deciphered. On two other fragments, found between 16 and 20 
inches, evidence of incised decoration occurs; one has only a 
portion of a crudely incised straight line, while the other has a 
broad zig-zag line which may form part of a larger design. In 
the same level were also found the pointed fragment of a ground 
bone point, and the centre portion of another which had been 
burnt. In view of the abundance of ostrich egg shell fragments 
and the sophisticated designs on a few of them, wo expected 
to find beads made of this material, but despite caieful search 
none were discovered. 

The material collected from the slope in fiwt of the cave 
entrance requires to be mentioned. Tliere is no talus deposit, 
presumably because the material found there represents a 
gradual ‘‘ spilling '* from the deposits in the cave, so that the 
fine earth was washed away, leaving the tools exposed on the 
surface. The artifacts coliected in this area include many 
trimming stones and disc-scrapers, some crude scrapers on flakes, 
and a number of end-scrapers. The materials used are banded 
jasper and dark grey chert, and it is clear that the finds in front 
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of the cave do not differ materially from those of the Early 
Smithfield layers in Test Excavation No. 2. 

Included in a box of faunal remains sent to the Bureau by 
Mrs. Bosman, wife of the owner of the farm, was an object of 
especial interest. It is a small semi-circular bow of bone, made 
from a long strip taken from a rib of some animal. It measures 
17*8 inches along the arc, and 10 inches from tip to tip along 
the chord. The bone has been carefully rubbed to a lenticular 
cross-section, somewhat more convex on the outer surface. It 
is 0-4 inches wide at its widest part at the centre, and tapers 
to neatly rounded points at the tips. One end is perforated 
0*4 inches from the tip; the perforation was done from the inner 
surface and is conical, the wider opening on the inner surface 
being i^^ths of an inch in diameter and the narrow opening ^th 
of an inch. The other end was similarly perforated, but the tip 
has broken off at the perforation. Mrs. Bosnian informs me 
that when found the object was complete with both tips, and 
that a small piece of fibre adhered to one of the perforations, 
but crumbled when touched. 

It has not been possible to identify this object or to guess at 
its use. It could not have been used as a shooting bow, as its 
form is permanently in the fully bent position, and the bone is 
in any case fragile and not resilient. It is in a very fresh 
condition and cannot be of any very considerable age. We know 
of no references to such an object in the literature on the 
Bushman, and it is unknown to the authorities to whom we have 
been able to show it. Neither Professor P. B. Kirby, an 
authority on indigenous music, nor Professor L. F. Maingnrd, 
who has made a close study of the Bushman and related peoples, 
were able to recognise it. M. V Abb^ Breuil informs us that 
identical objects have been found associated with the Mid- 
Aurignacian culture in Europe, where they possibly formed part 
of a head-dress, but it would be most dangerous to apply this 
very remarkable analogy without supporting evidence. 

Discussion , — This is the first time that the Fauresmith 
culture has been found in sealed deposits in a cave, and only 
the second recorded occurrence of Early Smithfield in a stratified 
cave deposit. The Fauresmith industry in the lower layers of 
the second excavation is a normal advanced expression of that 
culture hut it is represented only by hand-axes. The entire 
absence of Levallois forms and characteristic debitage invariably 
associated with the Fauresmith wherever else it has been found 
cannot be explained until the excavations have been extended. 

The very unsatisfactory Levallois material occupying the 
levels approximately between 18 and 88 inches appears to have 
undergone weathering outside the cave, and was probably derived 
from a site which must already have been old when the material 
was collected and brought into the cave. Although much of the 
material shows fresh re-working, this later working is too 
anomalous to be ascribed to a particular culture. The position 
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therefore is that we do not know by whom this material was 
introduced into the cave. Its stratigraphical position between 
advanced Fauresmith and Early Smithfield layers, and the fact 
that material with Levallois characteristics was chosen, suggests 
however that the people who introduced it belonged to the 
Middle Stone Age. 

Early Smithfield tools have previously been described only 
from one cave site, at Umgazana on the Pondoland coast by 
(^^hubb. King and Mogg (1934). Only in that site have objects 
of bone previously been associated with the Early Smithfield. 
The absence of ostrich egg shell at Umgazana contrasts strikingly 
with its abundance in Wonderwork Cave, though neither site has 
produced beads. 

The Smithfield material represented in the upper levels of 
Wonderwork Cave undoubtedly suffers from the difficulties 
inherent in the laminated nature of the banded jasper used. 
The workmanship is often poor, and the tools lack variety. The 
excellent hand-axes in banded jasper in the Fauresmith levels 
show, however, that this material when skilfully used could 
produce fine tools, and it may well be that the Smithfield industry 
in the cave must he regarded as somewhat decadent even after 
allowance is made for the unsuitability of the material. 

Section II. 

The test excavations described by Mr. !Malan in the preced- 
ing section yielded a number of determinable animal remains. 
In addition, Mrs. N. J. Bosman has presented to the Bureau of 
Archaeology an extensive collection of bones, horns and teeth 
recovered in the course of exploitation of the cave deposit for 
fertilizer, which can be compared with similar material previously 
described by Cooke (1940). 

A. Remains from the Test Excavations . — The thin band of 
occupational debris in Test 1 yielded only a few^ indeterminable 
scraps of bone, including some charred fragments and one 
gnawed by rodents. In Test 2 animal remains were abundant 
in the more superficial (Late Stone Age) strata, and occasionally 
present in the deeper layers. 

In the deposits containing Fauresmith hand-axes (below 
36 inches) the few bones recovered are very severely leached; 
the only specimen even vaguely identifiable is a fragment from 
a molar of some large bovid. The bone fragments from the 
middle levels (20-36 inches), though appreciably altered, do not 
show the same degree of leaching. Here again only one possibly 
identifiable specimen is present, also a portion of a bovid molar, 
apparently either eland or kudu. These relics, while in them- 
selves unins tructive, suggest that careful excavation of these 
deeper layers over a larger area might yield good faunal remains. 

The Late Stone Age strata above 20 inches, on the other 
hand, produced a considerable number of bone and tooth frag- 
ments, considering the small volume of deposit examined. 
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Although more determinable specimens were recovered from the 
dusty grey earth above 18 incnes than from the more coherent 
brown earth below, it has not been thought worth while to 
differentiate between these layers at present. Except for two 
obviously recent teeth of either sheep or goat found in the super- 
ficial kraal d&bris, all the remains are discoloured and somewhat 
leached. Among this material at least ten vertebrate forms are 
represented; all the identifiable species belong to the recent 
S. African fauna. 

Class Keptilia — Order Chblonia. 

A fragment of carapace and some limb bones indicate the 
presence of one or more species of tortoise. 

Class Ayes. 

Struthio sp. — The ostrich is included in this list in view of 
the large number of fragments of egg-shell found throughout the 
Late Stone Age deposits. 

Class Mammalia. 

While the majority of the bone fragments are probably 
mammalian, only the teeth permit of more or less exact identifica- 
tion; no horns or horn-cores have been recovered. 

Order Perissodactyla — ^Family Equidae. 

Two upper and two lower equine cheek teeth in good condi- 
tion have been obtained, besides fragments of several other teeth, 
some of which are charred. In size these teeth correspond witli 
those of the recent S. African zebras; the larger extinct species 
(£. capenaia and E. kuhni) identified by Cooke from this cave 
have not been found in our excavation. 

Elsewhere in this volume Cooke has shown that the teeth 
of the true quagga {E, quagga) can be distinguished from those 
of the bontequagga (£7. burchellii), and both these species from 
the mountain zeb^ra (E. zebra). In this collection, as in that 
described by Cooke, both the true quagga and the bontequagga 
are represented. 

Equua quagga Gmelin. — One complete upper tooth, a second 
molar, definitely belongs to the true quagga; the two lower 
teeth best preserved also agree best with this species. 

Equua burchellii (Gray). — ^The other good upper tooth, a 
third on fourth premolar, belongs equally definitely to the bonte- 
quagga. 

Order Artiodactyla — ^Family Suidae. 

Phacochoerua africanua (Gmelin.) — A complete third upper 
molar of a wart-hog already shows root formation on its anterior 
columns, although the hindmost columns have not yet come 
into wear. This feature assigns it definitely to the species 
P. africanua (Shaw 1989). 

Family Bovidae. 

Taurotragua oryx (Pallas). — ^The eland is definitely identi- 
fied by an upper first molar. 
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cf. Connochaeies sp. — very heavily worn lower molar 
appears to belong to a wildebeest. The posterior half of an 
erupting third lower molar may also belong to this genus, or 
possibly to the hartebeest (Alcelaphus). 

cf. Datnaliacus sp. — ^An erupting third lower molar most 
probably belongs to this genus, as may also a portion of an, 
upper molar. 

cf. Sylvicapra gritnmia (Linn.). — A well worn upper molar 
most nearly resembles the Cape duiker. 

cf. Baphicerua campeatria (Thunb.). — A worn third upper 
premolar agrees best with that of the steenbok. 

cf. Tragelaphua sp. — Two broken lower molars sccni to 
correspond most nearly with this genus, but ore somewhat above 
the average size for the bushbuck (T. aylvaticua), 

B. Other Faunal Remaina . — The material presented by 
Mrs. Bosman was obtained, like that previously described by 
Cooke, from the inner part of the cave where the deposit has 
been exploited for fertilizer. Most if not all of the specimens are 
reported to have come from a localised area of the deposit, but 
this cannot now be verified owdng to the complete disturbance 
of all this portion of the cave. 

These remains, which so far as they can be identified are 
all mammalian, include bone fragments, horns and horn-cores, 
and a large number of isolated teeth as w^ell as portions of jaws, 
together with a few coprolites. In ])reservation these specimens 
agree exactly with Cooke’s description of the earlier collection: 

The bones are on the whole little impregnated but do 
show a certain amount of leaching and alteration. The 
teeth also are only mildly impregnated, although the larger 
equine molars appear more thoroughly petrified than the 
others.** 

Except for these last specimens the general condition of the 
bones and teeth is similar to that of the remains from the Late 
Stone Age layers of Test 2. One equine molar has been charred. 
Many fragments have been severely gnawed by rodents, probably 
IJorcupines. 

The following identifications are based almost entirely \ipon 
horns and teeth; among the bones only two partial skulls can be 
named. Ee-examination of the earlier collection in conjunction 
with this new material has led to the recognition in it of one or 
two forms additional to those listed by Cooke. 

Order Primates — ^Family Cbrcopithecidae. 

Papio comatus B: Geoff, — ^The baboon is represented by a 
partial cranium of an old male. 

Order Carnivora — Family Hyabnidab. 
cf. Hyaena hrunnea Thunb. — ^Part of the maxilla of a 
hyaena, containing the third premolar and the anterior half of 
the fourth, agrees more closely with the brown than with the 
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spotted hyaena. M. T Abb4 H. Breuil has identified coprolites 
of the hyaena in this collection, from which it may be inferred 
that the cave was at some time inhabited by these animals. 

Family Mustelidae. 

Mellivora capensia (Schreber). A skull, almost complete 
though lacking nearly all the teeth, can be identified as that of 
a ratel. 

Order Rodentia — Family Hystricidab. 

Hyatrix africae-auatralia Peters. — ^The collection includes 
a palate and two mandibular fragments of the porcupine. 

Order Perissodactyla — ^Family Biiinocerotidae. 

cf. Geratoihenum aimum (Burchell). — Several pieces of 
rhinoceros horn, one of them a nearly complete posterior horn, 
have been found. These may well belong to the white rhino- 
ceros which was definitely identified by Cooke. 

Family Equidae. 

This collection includes more than a hundred isolated equine 
cheek teeth, besides several maxillary and mandibular fragments, 
three premuxillue and a mandibular symphysis. As in the earlier 
collection, a small number of these teeth are distinguished from 
those of the recent S. African zebras by their greater size, while 
the great majority correspond in this respect with the modern 
forms. On the criteria established by Cooke, more than half of 
these smaller teeth can be definitely assigned either to the true 
quagga or to the boniequagga. The unidentifiable balance, con- 
sisting of milk molars and of unworn, heavily worn or badly 
broken permanent teeth, with a mundiWar symphysis and two 
])remaxillHe, doubtless also belong to one or other of these two 
species. 

Equua hutrhrUii (Cray). — ^The bontequagga appears to be tlie 
less abundant of the two forms; only some ten upper and half 
a dozen lower cheek teeth can be definitely assigned to it. One 
of these teeth, a second upper molar, is unusually small, the 
transverse diameter of its crown being only 20mm. 

Equua quagga Gmelin. — More than twenty upper leetJi, 
a dozen isolated lower teeth and part of a mandible can be 
assigned to the true quagga. The relative frequency of this 
species and the preceding one in this collection is very much the 
same as* was determined by Cooke. 

Equua cf. hulini Broom. — At least five upper teeth in this 
collection, though generally resembling those of E, quagga, exceed 
what Cooke regards as the maximum dimensions for this species, 
the transverse diameters of their crowns ranging between 27 
and 30mm. These teeth correspond very closely in size and 
enamel characters with the two specimens which Cooke referred 
to E. kuhnif and may also be assigned provisionally to this 
species. As Cooke has pointed out, a number of lower teeth 
which are of rgther large size for E. quagga, though in other 
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respects corresponding with it, may also belong to E. kuhni 
whose lower teeth are otherwise unknown. 

Dr. L. S. B. Leakey in correspondence with Mr. Cooke and 
with the writer, has suggested that E, kuhni may be a S. African 
representative of the N.E. African species E, grevyi Oustalet. 
A cast of the dentition of the latter species, which Dr. Leakey 
has been so kind as to send us, shows a definite similarity 
between the two, but in the present state of our knowledge of 
E. kuhni they cannot be regarded as identical. It is however 
evident that in dental characters E, grevyi, like E. kuhni, 
approaches more nearly to the true quagga than to the bonte- 
quagga. 

Equus capeneis Broom. — Three lower premolars in varying 
states of wear are much larger than any others in the collection, 
their crowns measuring 19-20inm. across. Like the similar 
teeth described by Cooke, these agree very closely with 
Haughton’s (1982) neotype of E. capenais. With them may be 
associated four upper teeth whose crowns exceed 3()inm. in 
transverse diameter. Two of these, a right third premolar and 
a right third molar, are in a very advanced stage of wear; the 
former is possibly the companion to a left third premolar figured 
by Cooke. The other two, which are much less worn, and from 
their state of preservation may belong to the same individual as 
a broken left fourth premolar discussed by Cooke, are a badly 
battered left second molar and the posterior half of a left third 
premolar. In its crown pattern this last specimen agrees almost 
exactly with the corresponding portion of the type of E. cawoodi 
Broom, and thus provides further support for Cooke’s view that 
E, cawoodi is within the range of variation of E, capenaia. 

Two other fragments of upper teeth, one of them charred, 
also appear large enough for E. capenaia, A premaxilla with both 
first and second incisor teeth, which is very mu6h larger than 
those assigned to the recent forms, possibly belongs to this 
species. 

Order Artiodactyla — ^Family Suidae. 

Phacochoerua cf. africanua (Gmelin). — ^Two fragments of 
canine teeth and a partially erupted third upper molar of a wart- 
hog are not specifically identifiable, but are tentatively assigned 
to P. africanua which was identified from our test excavation. 
Cooke tentatively identified a partially erupted third molar as 
P. aethiopicua (Pallas), but with the rider that it could not 
be distinguished with any certainty from P. africanua,** 

Family Bovidab. 

Syncerua caffer (Sparrman). — ^The Cape buffalo is repre- 
sented by a fragment from the base of a horn and possibly also 
by a broken lower molar too'th. 

cf. Peloroceraa helmei (Lyle). — Cooke described teeth from 
this site resembling in form those of the hartebeest but 
considerably larger, and assigned them to this very large extinct 
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hartebeest-like antelope, first described by Lyle from FiorUbad 
(Dreyer and Lyle 1081). Similar teeth among the new material 
comprise a series of three heavily worn lower molars in a frag- 
ment of a mandible, portions of three less worn lower molars, 
and five upper molars more or less complete and varying in 
degree of wear. 

Alcelaphus caama (Cuvier). — Several horns and cores, a 
mandibular fragment, an isolated third lower n)olar, two third 
upper molars, and probably also three other upper molars in a 
very early stage of wear, all belong to the true hartebeest. 

Connochaetea cf. iaurinus (Burchell). — A large portion of a 
wildebeest horn agrees best with that of the blue wildebeest; 
a broken third upper molar is probably also to be assigned to 
this animal. 

DamaUscus sp. — Two broken molars, an upper and a lower, 
may be referred to this genus, although the species is not deter- 
minable. Cooke tentatively referred similar teeth to the bonte- 
bok (D. pygargus), rather than to the blesbok (D. aJbifrona) which 
is the species found in this area in modem times. 

Antidorcas marsuplalis (Zimmermunn). — Several springbok 
horns are included in this collection, and an upper molar tooth 
seems also to belong to this species. 

Taurotragua oryx (Pallas) — ^In addition to horns and cores, 
a maxillary fragment, two mandibular fragments and five 
isolated teeth can all be assigned to the eland. 

Oryx gazelJa (Linn.). — ^The gemsbok is identified by a large 
portion of a horn; a third upper and a third lower molar are 
probably also to be assigned to it. This animal was not identi- 
fied by Cooke, but it is probable that at least one of the teeth 
referred by him to Hippotragus really belongs to the gemsbok. 

of. Hippotragua equinua (Desmarest). — One lower molar 
tooth agrees very closely with that of the roan antelope, and 
a large portion of a boldly curved horn-core may also belong to 
this type. 

cf. Kohua elUpaiprymnua (Ogilby). — ^The terminal portion of 
a hom, although somewhat warped and corroded, seems to agree 
with that of the waterbuck. 

cf. Sylvicapra grimmia (Linn.). — A nearly complete horn 
and a pibce of frontal bone with a complete hom-core most 
probably belong to the Cape duiker. 

cf. Capra walie Euppell. — A large portion of a horn could 
not be recognised as belonging to any S. African antelope. This 
has been identified by Dr. B. Broom as that of an ibex, resemb- 
ling the existing Abyssinian species. With this specimen before 
iis, a fragment of another ibex horn can be recognised in the 
first collection from the cave. This has been regarded os part 
of an aberrant hom of some local antelope, but the specimen 
more recently obtained is too nearly complete to be interpreted 



WONDEBWEEK CAVE. 269 

in this way. These horns are somewhat leached and clearly 
are not absolutely recent. 

The presence of remains of ibex in this cave is most puzzling. 
No such animal existed in S. Africa within recent times, nor 
does this part of the country appear at all a suitable habitat for 
it. Dr. Broom has therefore suggested that these remains were 
brought to the site by man, by whose agency they may well have 
been transported from N.E. Africa. Although this explanation 
presents difficulties, no better one has yet been proposed. 

It is however curious to recall that in this very area Daniell 
in J801 sketched his “ Tackhaitse,'* which in its published guise 
presented so ibex-like an appearance that it was ramed by Schinz 
“ Capra aethiopica.** This creature is now recognised (Sclater, 
1900) as being in reality the roan antelope, a type probably 
represented in the Wonderwerk fauna. Nevertheless the 
coincidence appears worthy of remark. 

Diacuasion , — In the first collection from Wonderwerk, Cooke 
identified fifteen mamalian types. All of these appear to be repre- 
sented in the material more recently presented by Mrs. Bosman, 
although in some cases there is a doubt as to the specific identity. 
This new collection also includes a number of forms not previously 
recorded from this site: baboon, hyaena, ratel, gemsbok, prob- 
ably Cape duiker, possibly waterbuck, and most remarkable of 
all, ibex. Of these types, however, the ibex is certainly and 
the gemsbok very probably represented in the earlier collection. 

Of these twenty or more species whose remains have been 
found in the inner part of the cave, the baboon, hyaena, ratel 
and porcupine may be merely intruders. The numerous ungu- 
lates, however, must owe their presence to the activity either of 
Man or of predatory animals such as the hyaena. 

In our test excavations, the Late Stone Age deposits ha\e 
yielded two zebras, wart-hog, eland, and probably some other 
antelopes which are also included in the other collections from 
the cave. Besides these there are several types not otherwise 
represented: tortoise, ostrich, steenbok and possibly biishbuck. 
These, however, have been identified from specimens so small 
that they would almost certainly have escaped the notice of the 
guano-diggers, especially in the darkness of the inner part of thc' 
cave. Their absence from the other collections may therefore 
be of no significance. 

Apart from the problem of the ibex, the most notable feature 
of the faunal assemblage from this cave is the j)resence of three 
species known in a fossil state, but not as members of the recent 
S. African fauna. Thede are the large horses, E. capenaia and 
E. huhni, and the giant hartebeest-like antelope identified with 
Peloroceraa helmei. All three are well represented in both col- 
lections from the inner part of the cave, though none of them was 
recovered from the test excavations. These species existed up 
to the Middle Stone Age, but are not known to have survived 
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into Late Stone Age times (Cooke, Malan and Wells, 1942). 
Their presence led Cooke to anticipate that the fauna from the 
inner part of the cave might date back in part to the Middle 
Stone Age. Direct confirmation of this supposition has not yet 
been obtained. Our knowledge of the presence of these extinct 
species in the cave, however, adds still greater importance to the 
possibility that further excavation will produce faunal remains 
from Middle Stone Age or even Fauresmith as well as Late Stone 
Age deposits. 

Both the archaeological and the faunal remains so far 
obtained thus demonstrate the necessity for more extensive 
systematic excavation of the remaining portions of the cave 
deposit. Such an excavation will be undertaken by the Bureau 
of Archaeology in conjunction with the University of the Wit- 
watersrand at the first available opportunity. 

We wish to record our thanks to Mr. and Mrs. N. J. Bosnian 
for their continued interest in the site and for their very kind 
hospitality during our visit, and to Professor C. van Riet Lowe 
and Professor R. A. Dart for their encouragement to undertake 
this investigation and report. In the interpretation of various 
finds we have profited by the advice of M. rAbb6 Breuil, of 
Professors C. J. van der Horst, L. F. Maingard and P. R. Kirby, 
of Dr R. Broom and of Mr. H. B. S. Cooke; in view of Mr. 
Cooke’s association with previous work on this site we much 
regret that military duties prevented his accompanying us on 
our visit. We have also to thank the University of the 
Witwatersrand for a grant which enabled Dr. Wells to take pari 
in the investigation. 
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The Detection of Malnutrition 

The following consideration of the criteria by which a state 
of malnutrition in school-going children can be detected is drawn 
from the experience of the Cape Nutrition Survey. 

The Cape Nutrition Survey was one of several surveys 
designed to investigate more intensively the problems raised by 
the general survey of European school-children throughout the 
Union, which had previously been carried out by the Public 
Health Department. The methods and results of the pre- 
liminary survey have already been published. In brief, the work 
was carried out by School Medical Officers throughout the four 
Provinces of the Union, who examined, w^eighed, and measured 
school-children after having met to agree on the standards which 
were to be adopted. After examination each child was put in 
one of the four conventional groups of the Dunfermline scale : 
1. General condition excellent. 2. General condition good. 

General condition requiring supervision. 4. General condition 
requiring treatment. A total of 58,165 European boys were 
examined and classified in this w^ay. Classes one and two were 
regarded as of satisfactory nutrition and classes three and four 
were regarded as malnourished. The percentage figures for the 
Union were: nutrition satisfactory 59-7 per cent.; malnourished 
40-3 per cent. 

The question immediately arose as to how much reliance 
could be placed upon these figures. Jones (1937) has drawn 
attention to the different standards of normality set by different 
examiners in classifying children according to the Dunfermline 
scale. Although probably all examiners would be agreed on the 
recognition of the differences between groups one and four, 
experience shows that thefe is difference of opinion as to where 
the borderline between groups two and three lies. 

The Cape Nutrition Survey set out to study the reliability 
of the criteria by which malnutrition is detected and to study 
the methods by which the role of defective diet in the production 
of malnutrition can be assessed. 

MoCarrison (1937) has defined nutrition as “ the sum of 
the n(*ts or processes by which the structure and functions of 
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all organs and parts of the body are established and maintained. 
It is, in short, that function of the body by which health is 
maintained.” 

It is generally agreed that the factors underlying malnutri- 
tion include disease, both congenital and acquired, parasitic 
infestation, over-crowding, defective hygiene, insufficient sleep, 
and emotional and psychological maladjustment. All play a role 
in the production of malnutrition. On the other hand it is 
clear that nutrition cannot be satisfactory unless the diet is 
satisfactory. 

Before considering malnutrition we must consider what is 
normal nutrition. In all discussions of this subject it is apparent 
that we are dealing with two standards — normal and optimum. 
These terms need to be more clearly defined. Optimum 
nutrition can be defined as a state of nutrition in which there 
is no further room for improvement in the individual’s physical 
development, functional efficiency or resistance to disease or 
strain. Downward departures from this optimum may be due 
to defective diet or to disease^ or to any one of the many factors 
which have been listed as influencing nutrition. In order to 
distinguish between optimum nutrition and optimum health 
one might define optimum nutrition as a state of nutrition in 
which physical development, functional efficiency and resistance 
to disease or strain cannot be improved by further additions to 
the diet. But this definition is imsatisfactory because it excludes 
the effects of ” conditioned deficiency ” states in which 
for example, gastro-intestinal disorder may ” condition ” a 
deficiency state even when an optimum diet is being consumed. 
It appears, therefore, that no clear distinction in definition can 
at present be drawn between optimum nutfition and optimum 
health. 

The term normal nutrition as usually used, indicates 
something which is satisfactory, but not optimal. The fact that 
the first two groups in the Dunfermline scale are labelled 
excellent and normal, shows that normal is not the same as 
optimal. 

To the nutritionist the most important aspect of the nutrition 
problem is the definition of satisfactory and optimum diets. 
Optimum diet can be defined as a diet, further additions to 
which cannot cause any further improvement in the individual’s 
physical development, functional efficiency or resistance to 
disease or strain. Without an optimum diet no individual can 
have optimum nutrition. On the other hand many factors which 
have been referred to above can prevent normal nutrition or 
normal health from being achieved even on an optimum diet. 
Since many of these factors are still only partially under human 
control, it is axiomatic to the nutritionist that every individual 
should have an optimum diet. 



DETECTION OF MALNUTRITION. 


278 


There is probably do such thing as a normal diet, and 
normal nutrition as opposed to optimum nutrition can probably 
be achieved on what is usually referred to as a satisfactory 
diet. This can be defined as a diet which is adequate to prevent 
any deterioration in health and efficiency under average 
conditions of life, and yet carries some margin to make it 
adequate for at least some of the abnormal calls which the 
individual is likely to meet, such as infectious illness, or violent 
exercise. 

Having defined normal, satisfartory and optimum standards 
in relation to nutrition and diet, the problem of malnutrition 
can now be considered. 

While the nutritionist recognises the numerous factors which 
enter into the production of malnutrition his attitude is that 
diet is the one factor which can be adequately controlled. His 
problem, therefore, is to know how the role of a defective diet 
in the production of an observed state of malnutrition can be 
assessed and distinguished from all those other factors which 
are contributory. In other words, is it possible to decide by 
examining a group of children, what percentage of them are not 
receiving an adequate diet, and in respect of what dietary 
components their diet is inadequate. This is the problem which 
the Cape Nutrition Survey attempted to tackle. The methods 
of the study ha\o been reported elsewhere (Brock and Latsky, 
1942). 

Degrees of Malnutrition 

Malnutrition can be roughly divided into three degrees of 
severity. The worst can be called starvation. In this degree 
the individual is obviously thin, under weight, and usually of 
inferior stamina. Starvation is essentially the result of deficiency 
of total calories in the diet. In the intermediate degree the 
individual is not necessarily thin, but on examination certain 
defined stigmata of vitamin or mineral deficiency can be 
detected. In the case of vitamins, these stigmata are most 
commonly seen in the skin and mucous membranes; many of 
them are well described in the Report of the Bantu Nutrition 
Survey and in a recent paper by Suzman. This degree of 
malnutrition is especially caused by deficiency of protective 
foods, and can occur even when the total calorie intake is normal. 

In the mildest degree of malnutrition, often referred to as 
sub-nutrition, the stigmata of vitamin or mineral deficiency may 
be absent, height and weight may be average, and very often 
the effects of the deficient diet can be recognised only by 
biochemical tests. I'he essential criterion of this sub-nutrition 
is that the physical and mental efficiency, stamina and resistance 
to disease can be improved by the provision of more protective 
foods. (Brock, 1948.) 

Clinical Appraisal 

The basic method of nutritional assessment is careful 
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clinical examination. In the first place the child is searched 
iot evidence of congenital abnormalities, acquired disease or 
endocrine disorder. If any such evidence is found the child 
is classified as ** diseased.’* An attempt is then made to 
classify the remainder into “ Normal ” and “ Malnourished ” 
groups by the following methods. 

Firstly it is possible in a clinical examination to detect the 
stigmata of recognised deficiency disorders, e.g., the epiphyseal 
enlargement of rickets, the keratomalacia of Vitamin A deficiency, 
etc. Some of these stigmata are established beyond question and 
a child showing one of them would certainly be placed in gfoup 
four of the Dunfermline scale. 

Other stigmata may be recognisable, which are kno^n to 
clear up on a good all-round diet although the precise deficiency 
which causes them has not yet been identified. Such are 
certain departures from normality in the skin and mucous 
membranes. Certain of these are in the process of being 
identified, e.g. disorder of the facial skin and buccal mucosa 
associated with deficiency of riboflavin, nicotinic acid, and 
perhaps other components of the Vitamin B complex. The 
finding of any of these stigmata would lead a competent examiner 
to place the child in group four. Very few such definite stigmata 
were found in the Cape Nutrition Survey, but many were found 
in the Bantu Nutrition Survey (Kark and Le Eiche, 1948), and 
among the Bantu population of Johannesburg (Suzman, 1942). 
Such definite stigmata of precise nutritional deficiency raise the 
presumption of defective diet, but occasionally the deficiency 
state may be conditioned by disease or gastro-intestinal disorder 
in the presence of a satisfactory diet and even sometimes in 
the presence of an optimal diet. 

Other alleged stigmata of precise nutritional deficiency 
depend upon examination of the eye with special instruments. 
Delay in readaptation of the retina to “ dafk vision *’ after 
exposure to bright light, as measured by the Birch-Hirschfeld 
biophotometer or other techniques can almost certainly be 
due to deficiency of Vitamin A. On the other hand a 
similar dysadaptation may be due to disease of the eye such as 
retinitis pigmentosa. If the dysadaptation can be cured by 
administration of Vitamin A then it is presumably due to 
deficiency" of that vitamin. But this therapeutic test is not quite 
infallible because the complication of improvement from 
“ learning ” has not yet been completely assessed when the test 
is done repeatedly on the same child. Dysadaptation in a group 
of children as compared with a control group, and improvement 
in the mean adaptation performance of the test group after 
administration of Vitamin A, could be regarded as strong 
presumptive evidence of deficiency in the test group. But it is 
doubtful how far the results of this test can be relied upon in 
individual cases at present. (Heeht and Mandelbaum, 1939, 
Thomson et al., 1939.) 



DETECTION OF MALNUTRITION. 


275 


Alterations in corneal vascularisation and conjunctival 
structure as detected by the slit lamp have recently been claimed 
to be stigmata of deficiency of Vitamin A and of riboflavin, but 
it is not yet certain whether these stigmata can at present be 
distinguished from similar effects of exposure to wind, dust 
and bright light. Group tests of the remedial effects of either 
Vitamin A or riboflavin with adequate control groups may yield 
presumptive evidence of deficiency, but as in the case of visual 
dysadaptation it is uncertain whether these criteria can be relied 
upon in individual cases. (Kruse, 1941, Berliner, 1942, Sydeii- 
strickerstal , 1940. ) 

Gothlin (1937) in Sweden has claimed that the capillary 
fragility test is a reliable index of Vitamin C deficiency, provided 
that other causes such as blood disorders and infectious fevers 
can be excluded. Work in South Africa and in other parts 
of the world have not confirmed Gothlin ’s claims. Fox and 
Bangerfield (1940) have shown that capillary fragility is usually 
normal in Bantu mine workers whose dietary intake of 
Vitamin C, and whose blood ascorbic acid show them to be on 
the border-line of scurvy. It has been our own expericuice that 
among the Bantu the capillary fragility is usually normal even 
in the existence of manifest scurvy. Baumann and Brock 
(1942), found no correlation between the ])ete(*hial index and the 
results of an intravenous Vitamin C saturation test. The sen- 
sitivity of the capillary fragility test as an index of Vitamin G 
deficiency has not been confirmed even in white-skinned people 
in North America. (Crandon, Lund and Dill, 1940.) 

Other stigmata may raise the presumption of nutritional 
deficiency but yet be loo uncertain in their ac'tiology to bo 
attributable to a precise dietary deficiency. Such are the slight 
roughening of the skin, especially of the exte)^8or surfaces of 
the arms, wdiich may or may not be a precursor of the follicular 
hvperkeratosis of Vitamin A deficiency (Pemberton, 1940). This 
sign was found in a considerable percentage of coloured children 
in the Cape Nutrition Survey. Where it was well-marked, the 
child was classified in group thfee even if nutrition was 
otherwise judged to be satisfactory. All degrees of the condition 
were, however, seen, which merged imperceptibly into a normal 
skin and in some cases it w^as not sufficiently definite to justify 
relegating the child to the third group if other criteria were 
satisfactory. 

Other stigmata may be of such a nature that the medical 
examiner regards them as probably indicative of minor ill-health 
wrhich is not directly or necessarily due to dietary deficiency. 
And yet he may know that the incidence of these stigmata is 
greater in the poorer than in the more well-to-do sections of 
the community. An example is the very high percentage of 
coloured and poor European children in the Cape Nutrition 
Survey, who showed very obviously enlarged cervical glands. 
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The incidence was so high that it was thought unlikely that 
they could be due to tuberculosis. They were spread so widely 
through the neck that it was thought unlikely that they could 
be due to tonsillar sepsis, or to infection of the scalp secondary 
to pediculi. It was difficult to know how much weight to attach 
to such a stigma. In the Gape Nutrition Survey many children 
showing it were put in group two. 

In general, therefore, these latter stigmata are of limited 
value in deciding where the border-line lies between groups two 
and three of the Dunfermline scale. When they are well-marked 
they do indicate that the observed state of malnutrition is due 
to defective diet, provided that the gastro-intestinal tract is 
functioning normally. On the other hand the lesser grades do 
not provide evidence that malnutrition is due to defective diet. 
It might equally well be due to one of the other many factors 
which are known to underlie malnutrition. 

It would appear, therefore, that clinical appraisal can often 
establish the existence of what was referred to eaflier as the 
second or intermediate degree of malnutrition. It is, however, 
unreliable in detecting the third or mildest degree of malnutrition 
or in terms of the Dunfermline scale it is unreliable in 
distinguishing between the second and third groups. 

SOMATOMETHIC INDICES AND SKELETAL MATURATION 

Numerous indices have been constructed from measurements 
of height, weight, etc., and have been claimed to be of value 
in detecting minor degrees of malnutrition. Skeletal maturation 
as measured by radiographs of the carpal epiphyses has also been 
suggested for the assessment of nutritional status. This 
subject has been discussed in separate communications (Latsky, 
1942, Latsky, Bichardson and Brock, 1948). The following 
general conclusions can be drawn; 

Although malnutrition may adversely affect the growth and 
maturation of bone and the growth of tissue mass, the indices 
constructed from these measurements are all powerfully 
influenced also by inhefited growth patterns which presumably 
act through the endocrine glands. The result is that although 
it may be possible with future developments to detect significant 
differences between groups of malnourished and normal children, 
none of these indices can be relied upon to classify an individual 
child as malnourished or normal. 

Wetzel (1941) has constructed a grid for physical develop- 
ment derived from height and weight. He claims that his seven 
channels represent a range of physique from the obese to the 
very slender type. Healthy developmental progress continues 
in an established channel as though this were a preferred path, 
presumably dependent upon inherited tendencies. Channel-wise 
progress indicates development with preservation of given 
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physique; cross-channel progress is accompanied by change in 
physique ; when it is towards the right it usually indicates 
deterioration in nutrition and when towards the left improvement 
in nutfition. This grid is probably of no value in determining 
the nutritional status of a child when a single set of 
measurements are taken. But it may prove to be of the greatest 
value in following the nutritional progress of a child over a 
period of years. It may be necessary to establish a special grid 
for South African conditions, because it was found by Latsky, 
Bichardson and Brock (1943) that nofmal Cape Coloured 
children were advanced by a mean figure of 0*52 years over 
Wetzel's scale constructed in U.S.A. In view of the absence 
of racial homogeneity it may, however, be necessary in South 
Africa to construct separate grids for the different faces and it 
will be necessary to remember that acquired endocrine 
disturbances may very possibly result in cross-channel progress 
which will be indistinguishable from that due to nutritional 
change. 

Anaemia and Nutrition 

In the absence of infective or other disease and of intestinal 
parasites and malaria, the finding of anaemia might be regarded 
as indicative of malnutrition. Severe anaemia probably only 
develops from dietary deficiency as distinct from disease and 
intestinal parasitism when the dietary deficiency is severe. An 
exception to this statement is the nutritional anaemia of infants 
which develops from iron deficiency in children born of iron- 
deficient mothers, when mixed feeding is introduced late. Mild 
degrees of iron-deficiency anaemia are commonly found in women 
existing on poor diets during the child bearing epoch of life, 
but are uncommon in adolescents. In the Cape Nutrition Survey 
it was found that blood loss from intestinal parasites was 
uncommon and it was concluded that low haemoglobin figures 
might be indicative of dietary deficiency. Unfortunately the 
lower level of normal haemoglobins has never been determined. 
The subject is to be fully discussed in another paper. The 
conclusions in brief are as follows. There was a significant 
difference between the normally nourished and malnourished 
children in the Cape Nutrition Sufvey, but the scatter diagrams 
showed so much overlap that only the lower levels of haemoglobin 
could be accepted as evidence of malnutrition. Iron- treated 
cases could not be accepted as indicating the lower levels of 
normality, since iron therapy has a stimulant action on haemo- 
poiesis distinct from its action in correcting deficiency states. 
Haemoglobin figures below 11 grams pef cent, are indicative of 
iron deficiency if disease and blood loss can be excluded. 
Haemoglobin figures between 11 and 13 grams per cent, indicate 
possible iron deficiency which can be regarded as probable if 
the mean corpuscular haemoglobin concentration is less thou 
thirty-two. 
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Biochemical Tests for Mineral and Vitamin Deficiency 

From the foregoing discussion it seems likely that although 
there are certain clinical stigmata and measurements which 
detect malnutrition when it is present in gross form, most of 
them are unreliable for the detection of minor degrees of 
malnutrition, and furthermore, they fail to distinguish between 
the effects of disease and of dietary deficiency. It seems likely 
that precise criteria of minor deficiency of protective foods will 
only be derived from biochemical studies which indicate the 
quantity of each mineral and vitamin present in the body. These 
tests are concerned chiefly with certain minerals and vitamins 
the level of which in the tissues is believed to be reflected either 
by the level in the blood, or the excretion in the urine before 
and following test doses with the mineral or vitamin concerned. 
This line of investigation is of great value because it enables 
dietary malnutrition to be analysed into deficiency ot precise 
dietary essentials, which can further be expressed in quantitative 
terms. A great deal has been written about these tests recently. 
Reference to some of them can be found in a book by Youmans 
(1941) and an editorial in the Lancet (1942). 

Unfoftunately most of these tests suffer from the same defect 
as the method of clinical assessment according to the Diiiilermline 
scale : there is as yet no acceptable definition of the low er level 
of normality or of the border-line between normalitv and sub- 
normality. This difficulty is best exemplified in tlie experience 
of the Cape Nutrition Survey with the Vitamin C saturation 
test. The significance of what is called Vitamin C subnutrition 
has been discussed at length by Fox (1940 and 1941) and 
Brock (1942). The latter has pointed out that whereas levels 
of food or vitamin intake are usually divided into (a) the 
physiologically indispensable minimum, (b) the adequate and (c) 
the saturation or luxus consumption level, category (a) should 
be subdivided in the case of Vitamin C, into (i) the indispensable 
minimum for the prevention of recognisable scurvy and (ii) the 
indispensable minimum for the prevention of any deterioration 
of health from Vitamin C deficiency. Fox has shown that even 
the level for (i) is hardly known, whereas, the level for (ii) is 
still a subject of much speculation. A diagrammatic re])re.sentation 
of these levels is given in Figure 1. The figures can only be 
approximate as will be explained, but the diagram illustrates the 
different levels of Vitamin C intake referred to above as a, i, a, ii, 
b, and c, and the concept of vitamin subnutrition represented 
by the range of intakes between a, i, and a, ii. In the case of 
the Vitamin C saturation test used by the Cape Nutrition Survev 
(Wright, Lilienfield and MacLenathen, 1937, Portnoy and 
Wilkinson, 1937) an excretion of 40 per cent, of the injected 
dose is usually regarded as the lower level of normality. On 
the other hand. Fox and Dangerfield (1940) found no evidence 
of incipient scurvy in the great majority of Bantu mine workers, 
on intakes associated with a saturation test result of certainly 
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le&s than 20 per cent, and Jokl and Suzman could find no 
evidence of deterioration in the physical efficiency of these men 
over long periods of time. The Cape Nutrition Survey found 
that although of 268 children submitted to this test, 154 or 
57*5 per cent, excreted less than 40 per cent., only 25 or 9 per 
cent, excreted less than 86 per cent, it could hardly be claimed 
in the light of the work of Jokl and Suzman that the 129 
children who excreted between 36 per cent, and 40 per cent, 
suffered in any way from their alleged deficiency of Vitamin C. 

The same difficulty applies to determinations of the fasting 
level of ascorbic acid in the blood. Fox (1940) has tabulated 
the usually accepted views as follows : — 

Figufes below O'l ing. per cent. = very poor and usually 

associated with scurvv . 

0*1 to 0*4 mg. per cent. = poor. 

0*4 to 0*8 mg. per cent. = moderate. 

0*8 to 1*2 mg. per cent. = good. 

1*2 mg. per cent, and over = excellent. 

Even if it be accepted that the plasma level of ascorbic acid 
reflects the amount of ascorbic acid in the body the question 
still remains what is the level below which the individual health 
will necessarily suffer. In other words what is the lowest level 
which can be called adequate and what is the indispensable level 
to prevent any deterioration in health from Vitamin C deficiency, 
and >\hat is the margin between these two levels? (See Fig. 1.) 
The adequate level must obviously be one which allows some 
margin for unusual calls on Vitamin C, such as fever and violent 
exercise. But how much margin? Voigt in the last century 
fell into the error of assuming that because the average German 
workman consumed 118 grams of protein daily, this could be 
accepted ns the adequate level. Subsequent research has shown 
that this is a luxus consumption level. Modern students of 
nutrition may be in danger of falling into the same error by 
assuming that because doctors, students and laboratory workers 
ordinarily consume a diet which leads to a plasma ascorbic 
acid level of more than 0’8 ingms. per cent., or a saturation 
test result of more than 40 per cent., these intakes are, therefore, 
the desirable ones. They may represent a luxus consumption 
level. No matter how desirable such levels may be we are not 
justified in saying that health necessarily suffers if they are not 
attained. 

These biochemical- tests undoubtedly represent the only way 
in which the role of dietary deficiency can be separated from 
the role of other factors in the production of malnutrition. They 
give the promise of quantitative knowledge about vitamin and 
mineral metabolism. But before they can be fully applied the 
adequate level of intake must be determined by some other 
methoils. 
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This difficulty of principle applies to all biochemical tests 
of this nature. It can probably only be finally solved by 
demonstration that physical development, functional efficiency 
and resistance to disease and strain in a group of individuals 
is not increased by further additions to an experimental diet 
administered for long periods while the individuals are exposed 
to all the strains of ordinary life. Such an ideal experiment 
is clearly impossible for a long time to come. Its difficulties 
are clearly shown in the experiment of Jokl and Suzman (1940). 
Until some such data are available a considerable amount of 
the remedies for malnutrition must be tentative when viewed 
from the scientific angle. 

A Nutrition Programme 

On the other hand the evidence is incontrovertible (Brock, 
1048) that a great deal of malnutrition exists in South Africa 
even though its precise extent has not been susceptible to 
scientific demonstration. It is also certain that the consumption 
of grossly inadequate diets is the main factor in the production 
of this malnutrition. Should the programme for correction of 
malnutrition wait on further scientific data? The answer must 
surely be no. The only possible plan is to reorganise the economic 
life of the country in such a way that there is a parallel 
rise in purchasing power of the population and increased 
production of foodstuffs, especially protective foodstuffs. 
Simultaneously there must be a national campaign of education 
in food values. Food subsidies will be required in the transition 
stage. An adequate diet has been defined by the National 
Nutrition Council (1942). It must be admitted that strictly 
scientific proof that each item in this scale is neither in the 
inadequate nor in the luxus consumption range is still lacking. 
But action cannot wait for this proof. The scale is in line 
with similar scales accepted by international agreement through 
the Health Organisation of the League of Nations, and the 
Nutrition Council has stated that it expects to fevise the scale 
upwards rather than downwards as further knowledge accumu- 
lates. 
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In the diamond producing region of the Vual River valley 
the slopes of the valley at different heights above the 50-ft. 
terrace contain quartzitio and chert gravels, in medium- or small- 
sized pieces, unequally distributed through clayish red sand, 
wliich was produced by the decomposition of less durable 
elements. These are the “ red or “ potato '' gravels 
described by van Eiet Lowe in his memoir on “ The Archaeology 
of the Vaal River Basin (1937). Because of their shallowness, 
these gravels are easily exploited by diamond- diggers. 

In the Windsorton and Barkly West regions three levels 
in the “ potato gravels can easily be noted, the lowest between 
00-80 feet above the Vaal, another about 150 feet above, and 
H third about 200 feet above. We had no chance of studying 
any higher levels, though they do exist in other places. We 
collected mostly from dumps left by diggers, but the physical 
condition of a great many of the specimens seems to indicate 
that they formed an integral part of these gravels because they 
are very worn, and may have been of earlier date and 
redeposited after being flaked, or they are less worn and therefore 
contemporary. 

The Stellenbosch and more recent series collected apparently 
in situ in disturbed or redeposited gravels of the highest level 
(for exami)le, 300 feet above the Vaal and 20 miles north of 
Bloemhof at Koosfontein) can be recognised at a glance by 
their sharp arrisses and old intensive weathering invariably more 
marked on one face than on the other. Such implements were 
introduced into the shallow surface gravels either by man or 
nature at a later date and then covered by red (Kalahari) sand. 
Those specimens which actually come from the older gravels 
are physically quite different and morphologically more 
elementary. 

There are many pebble tools, chipped at one end or round 
the sides, or both, either on one face or more, seldom on both. 
A few flakes and some pebble cores are found with them. 
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On approaching the 50-ft. level, bigger and more clumsy 
quartzite flakes increase in number. These are associated with 
small proto-types of bifaced pebble tools and a very few bifaced 
archaic hand-axes of the same material, recalling those which 
are so numerous in the 50-ft. terrace at Vereeniging. It is 
curious to note that, although the younger gravels of the Vaal, 
which were derived from boulders of diabase and andesite which 
formed the raw material of so many thousands of tools with 
n more advanced Stellenbosch technique, are so close to the 
older (quartzitic) gravels, no true Stellenbosch tools jof this 
material are found in the 60-8()-ft. terrace. 

Far higher upstream, close to the Amcor factory near 
Vereeniging, Professor van Eiet Lowe and T found patches of 
gravel on the wide lOO-ft. terrace, which is of tough ferruginisod 
conglomerate superposed on dwyka tillite with large boulders 
in a matrix of whitish clay. In certain places these Vereeniging 
older gravels of the 100-ft. terrace contain a great number of 
worked quartzite tools, with a few pebble implements, a good 
many cores and a mass of usually rather rough flakes, some of 
which are trimmed. 

The industry of the l(K)-ft. terrace at Vereeniging is certainly 
different from that found in the older gravels at Windsorton 
and Barkly West. It is chiefly a flake industry. What relation, 
either in age or of an ethnographical origin, exists between the 
two groups is difficult to say at the moment. Indeed, the 
distance between the two areas examined in the valley is great, 
being about 250 miles in a straight line, with several dams and 
rapids in the river between the two, and a very extensive survey 
would be necessary to fix the correlation of the various terraces 
of older gravels downstream with the single 100-ft. level at 
Vereeniging. 

At any rate, it is certain that in both cases we are dealing 
with extremely ancient types of tools, far older than those of 
the Stellenbosch cycle, which belongs to the 50-ft. and more 
recent terraces described by me in this Journal (1943). 

It is interesting to compare these facts with those I noted 
in Portugal with Mr. Zbyszewski on the 90-metre beach north 
of the Sierra da Sintra, where we found a large pebble and flake 
industry similar to those recorded in Kenya, Uganda and the 
Southern Congo. 

It would be unfair not to mention here that similar objects 
recognised as pre- Stellenbosch have already been published by 
other discoverers in various parts of South Africa. Captain 
Jan Smuts has published his notes on this subject as regards the 
Pretoria region, and he also realised that there were different 
varieties of these primitive industries (1988). On the other 
hand, D. B. Macfarlane found similar industries near East 
London at the base of a clay level earlier than the Stellenbosch 
tools of the same region (1935). 
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This note deals with no great fresh developments, but I feel 
that I should inform South African prohistorians of a series of 
recently discovered facts which are useful to know in order to 
avoid errors in interpretation. 

Having had many opportunities of studying mechanical 
action in Europe, such as the breaking of pebbles carried down 
by the ancient Swiss glaciers (in the Wiirmian moraine of 
Gunsbach at Fribourg) or by the Pyrenean glaciers (in the 
Rissian moraine of Le Picon near Montrejean, Haute Garonne), 
in the Baltic moraines containing flints from Holland and South- 
Eastern England, or in moraines of all ages containing 
quartzites in the vicinity of Comrie, Perthshire, and Inchna- 
damph, Sutherland, Scotland, I felt sure that the primary 
moraines of Dwyka tillite formation would produce comparable 
phenomena in the older gravels of the Vaal. 

This proved to be true when Professor van Riet Lowe and 
I, on the 20th May, 1943, had occasion to examine the tillite 
with big boulders and small material in the foliated levels (light 
in colour, white or pale yellow) which form the base of the 
100-ft. terrace of the Vaal at Vereeniging near the Amcor factory. 
In a fairly extensive quarry on the side of the road opposite 
the factory, we noticed, besides the large striated boulders, a 
good many small subangular blocks, also striated, which had 
been dug out during quarrying but which were obviously derived 
from the lower undisturbed dwyka conglomerate. The surfaces 
of these blocks were 'nearly all mechanically split, and these 
breakages had even produced flakes. Most of them come from 
the destruction of an unweathered bed of white quartzitic 
sandstone. These mechanical fractures are due to the con- 
siderable pressure suffered by the rocks during their transport 
by ice. This pressure produced two types of wide facetted 
trimming, some having a rather flat bulb and the facetting over- 
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lapping due to flakes being detached at an almost vertical and 
sometimes even an obtuse angle. Others have bipolar splinter- 
ing, obviously due to pressure on opposite faces of a wedged 
block. 

It sometimes happened that this process produced multiple 
parallel rather narrow facets, with a steep convex curve easily 
recognisable. There was also a small ovoid flat pebble of 
indurated schist entirely covered with fine parallel striae, broken 
across with a double concave fracture by the same process. 

Knowing these facts, a re-examination of the series collected 
was necessary, whether they be from the 100-ft. terrace at 
Vereeniging where the older gravels overlie the tillite, or from the 
50-80-ft. terrace of “ red ** or “ potato older gravels at Wind- 
sorton. The older gravels at Windsorton contain a large 
collection of pebble implements and primitive flakes, among 
which we have only found three identical specimens similar in 
type of fracture and scratching to those from the dwyka of 
Vereeniging, but which have undergone some later flaking, 
different in origin and possibly human. 

We must therefore always bear in mind throughout all zones 
of African cultures the possibility of a single or of several 
disturbances of glacial material containing pebbles broken by 
the primary ice, mechanical facets being produced by natural 
action. 
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At Verecniging the latest aggradation of the older gravels 
of the Vaal lies on the 50-ft. terrace now artificially exposed 
on both banks of the Klip Biver near its junction with the 
Vaal. These gravels are almost exclusively (juartzitic mixed 
with angular red sand. They therefore belong to the older 
gravels of the Vaal and are earlier than the tectonic phenomena 
which, according to Du Toit (1933), forced the river to deepen 
its bed at the expense of the diabasic levels in the bed of the 
river. It was this (Ventersdorp) diabase which served as raw 
material for the great mass of Acheulean-type Stellenbosch tools 
of the younger gravels which were aggraded later. 

The site at Verecniging, known as the Klip Biver Quarry, 
>\a8 discovered by Professor van Biet Lowe in 1920 and was 
first visited by me with him in 1929. It was re-examined by 
Professor van Biet Lowe and his collaborators during their 
extensive geo-archaeological survey of the Vaal River valley 
during the years 1936 and 1937 (1937). The implements col- 
lected from the body of the gravels W’ere quite rightly assigned 
to the earliest division of the Great Hand-axe (\ilture and are 
referred to the Stellenbosch I Division of that culture. Because 
this was the only site from which Stellenbosch I tools were 
recovered in situ, and because no such tools had been recovered 
from the older gravels either here or elsewhere along the Vaal. it 
was felt at the time that the deposit possibly Belonged to the 
beginning of the aggradation of the younger gravels, which 
contain vast quantities of remains of the Great Hand-axe 
Culture, rather than to the end of the aggradation of the older 
gravels, and it was therefore assigned to the younger group of 
gravels. As a result of later work, however, and as a result 
of my own inspection of the deposits with Professor van Biet 
Lowe recently, I am satisfied that the Klip Biver Quarry gravels 
belong to the last phase of aggradation of the older gravels and 
not to the earliest phase of the younger gravels. They are 
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lithologically inseparable from the great body of older gravels 
that extend for many hundreds of miles down the Vaal Biver 
valley from Vereeniging to Barkly West and beyond. 

The material used in the industry of the 50-ft. terrace gravels 
at Vereeniging is exclusively quartzitic. It differs completely 
in form and trimming technique from that employed by the 
makers of hand-axqs in the more recent (lower) levels. The 
flakes have a broad flat striking platform, more often at the 
base than on the side. Though many of the hand-axes are made 
from pebbles, a greater number are made from heavy wide- 
angled flakes by a very primitive bloc-en-hloc anvil technique. 
These gravels also contain series of tools of successive ages, some 
very worn and earlier than the gravels, others less weathered 
and contemporary, and yet others which are perhaps a little 
later and only slightly worn. A certain development is notice- 
able between one series and another. 

Loose sandy levels that overlie the gravels yielded Faure- 
smith and Middle Stone Age tools, also in quartzite. 

An examination of a collection of stone implements made 
by the late Dr. T. N. Leslie in the younger gravels in the bed 
of the Vaul at Vereeniging shows the specimens to be identical 
with types found in the younger gravels at Eiverview Estates, 
opposite Windsorton, at Pniel, at Barkly West and elsewhere 
along the Vaal. 

These facts show that before the aggradation of the younger 
gravels, and before the great tectonic movements which upset 
East Africa during the later stages of the development of the 
Great Eift Valley, the effect of which was felt as far south as 
the Vaal, the industry which flourished in the Union was an 
archaic Stellenbosch of Clacto-Abbevillian facies described by 
Professor van Eiet Lowe as Stellenbosch I (1987). Tt is identical 
with that discovered on the 90-meter Sicilian beach at Abderah- 
man, near Casablanca, in Morocco, which I have examined, 
and which w’as recently described by Neuville and Eflhlmann 
(1941). This is separated from the 30-metre (Acheulean) beach 
by the 60-metre beach. 

The time which separates the aggradation of the older 
gravels in the 50-ft. terrace at Vereeniging from the younger 
gravels in the Vaal is therefore very considerable, geologically 
speakinjzf. 
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1 — ^Introduction. 

Five years ago I published an arcimeological note on the 
Makapan Caves (1938). This included illustrations of a hand-axe 
and a cleaver recovered from the fossil- and implement-bearing 
breccias in the Cave of Hearths on the farm Makapiinsgut, 
No. 347, in the Potgietersrust district of the central Transvaal. 
The possibility of the occupation of this cave, not only during 
the Earlier Stone Age, but also during the Middle Stone Age 
was suggested, while emphasis was laid on the fact that much 
more exhaustive investigation was necessary. The unhappy 
years that followed precluded the possibility of extensive 
investigations, but occasional visits during these years have 
taught us a great deal more than we knew^ five years ago. 

In 1940, the Bureau of Archaeology in collaboration with 
the Transvaal Museum, devoted some time to a close exami- 
nation of the breccia that had collapsed from below the principal 
hearth in the Cave of Hearths. This material had previously 
been removed to an adjacent cave for safety. It was all derived 
from artificially accumulated layers and hearths that lay 
between the original stalagmitic floor at the base of the deposits 
and the most extensive and consolidated hearth which now 
forms the ceiling of the cave some twelve feet above the 
original floor level. The material that fell from this spaci* 
includes about six hundred tons of fossil- and implement- 
bearing breccia — a deposit in itself sufficiently great to suggest 
the possibility of the presence within it of elements of more 
than one period of occiipation and, therefore, of more than one 
material culture. 

Despite the difficulties encountered in freeing the fossils and 
artifacts from the small quantity of the breccia it was possible 
to break up and examine in the time at his disposal, Mr. 
B. D. Malan, who was in charge of the work in which 
he was very ably assisted by Mr. A. G. White of the 

10 
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Transvaal Museum, recovered several hundreds of flakes, cores 
and fabricators together with a few implements that show that 
the earlier and possibly the first human o(*cupants of the cave 
enjoyed a material culture that belongs essentially to the Earlier 
Stone Age. The bifaced tools that I had previously recovered, 
characterise an advanced expression of the great hand-axe group 
of cultures — possibly late Stellenbosch — ^while the cores and 
flakes reveal a mastery over a very crude or proto-Levallois 
technique that recalls the Tayacian of Europe as described by 
Breuil (1932). 

This primitive Levallois or Clacto-Levallois as it should 
perhaps be called, is exceedingly interesting and puzzling. It 
may be an integral part of the Great Hand-axe Culture complex 
just as the proto-Levallois is »au integral part of the same 
complex at Victoria West and elsewhere in the Union, but, 
apart from the hand-axes and cleavers, the Makapan material 
includes nothing that resembles that recovered at Victoria West 
and elsewhere where the Victoria West or true proto-Levallois 
technique is found as an integral part of the Stellenbosch Culture. 
This Cave of Hearths material is quite distinct from and cruder 
than that from Victoria West and cannot be satisfactorily 
matched in the Union. The tools themselves present another 
difficulty. Some of the cleavers are on side-flakes that appear 
to have been derived in the Victoria West I for Proto-Le\ allois I) 
manner. These naturally lead one to suspect that the makers 
of these tools were masters of the Victoria West technique — 
yet we have no Victoria West debitage. The waste flakes and 
cores that we have, are completely atypical We must, there- 
fore, await more detailed investigations before tliis difficult and 
all-important issue can be clarified. 

The 1940 expedition also recovered three throwing-stones 
or bolas — specimens that one usually associates with the 
developed Levallois of the Middle Stone Age. These give rise 
to another problem that demands a close re-cxainination of the 
cores and flakes. Only one of the many cores recovered 
approaches the Levallois. It is high -backed and radially 
trimmed, but is not characteristic of the Levallois. It is 
essentially crude. The remainder are atypical. When we 
re-examine the flakes we find that the general tendency is 
toward wide-angled, broad and thick types with plain striking 
platforms. Those that include facetted platforms are in a 
decided minority and even in them the preliminary preparation 
appears to have been confined to the removal of two flakes 
only; the blow to remove the final flake having been struck 
on the arris that separates the scarbeds of the two preparatory 
flakes. True Levallois characteristics are, therefore, all but 
absent. The few that may be present (and with these I include 
the bolas), may have been derived from the uppermost levels 
of the collapsed material and thus belong to the level of the 
great hearth and the material that has yet to be recovered from 
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it and from the deposits immediately above it. This may prove 
to be Middle Stone Age. 

At one time it was suspected that many of the thick, stubby 
wide-angled flakes may have been struck from hand-axes and 
cleavers during blocking-out processes on an anvil or during the 
shaping of these tools. This may indeed occasionally be the 
case, but the presence of so many cores and the obvious 
derivation of so many flakes from these cores nullifles the 
importance of the suspicion. While some of the flakes may 
have been struck during the shaping of hand-axes, the great 
majority were very obviously not derived in this manner. 

The materials include quartzite, quartz and a sprinkling of 
indurated sandstone and shale. Large numbers of tools and 
artifacts show damage by fire and quite a number are weathered. 
Home of the latter have slightly oxidised surfaces ; others have 
rounded or water-worn arrisses that show that they w’ere brought 
into the cave after exposure to wind and running water outside. 
When freed from the lime incrustations, the vast majority of the 
remainder are in mint condition, due no doubt, to the shelter 
afforded by the cave in the first instance and to the protective 
coating of lime in the second. 

We can, therefore, sum up the material recovered from the 
Cave of Hearths by saying that whatever future investigation 
may reveal : (i) the cave was occupied by makers of well 
advanced Stellenbosch hand-axes and cleavers, and (ii) either 
(a) the folk who made those tools were masters of a crude 
Levallois or Clacto-Levallois technique, or (b) this technique 
was not an integral part of the core-cum -flake hand-axe culture. 

If this Clacto-Levallois, i.e., Tayacian-like material, is not 
an integral part of the hand-axe culture — as the Victoria West 
or Proto-Levallois I and II are of the Vaal Stellenbosch III 
and IV (1937) — it can only represent the presence of a people 
who during Earlier Stone Age times, possessed a material 
culture that differed appreciably from that enjoyed by the 
makers of hand-axes and cleavers. This possibility introduces 
a vertical division into the material cultures possessed by men 
during the Earlier Stone Ago in South Africa, i.e., to a state 
of affairs similar to that which is believed to have existed in 
Old Palaeolithic times in Western Europe and other parts of 
the Old World. Some believe it also existed here. Van Hoepen 
has stressed the possibility (1938> and Smuts ha-; also rc»ferred 
to it (1938). My own view is that the issues implied by this 
so-called vertical division between core cultures on the one side 
and flake cultures on the other, can be unduly stressed in that 
it is impossible, as the Abbd Breuil recently remarked to me, 
to have a core culture without flakes or a flake culture without 
cores. Indeed, even in the most primitive pre-Stellenbosch and 
pre-Abbevillian pebble or so-called simple core cultures, it is 
improbable tliat the flakes struck during the trimming of the 
pebbles were not utilised. Even the Kafuan or pre- African 
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Abbevillian core culture of Uganda has its flakes and flake tools 
throughout its four-phase development, despite the fact that the 
vast majority of tools hitherto recognised and described are on 
cores such as later characterise the Oldowan Culture of Bast 
Africa (1986). We think of the Kafuan and Oldowan cultures as 
“ core cultures simply because the great majority of tools 
hitherto recognised are on cores, but the important issue: the 
object of the tool-maker, is elusive. Before we can refer a 
group of artifacts to a core culture or a flake culture, we must 
be able to recognise the principal aim of the maker of the 
artifacts, i.e., we need to be able to say whether his main 
object was to make instruments of flakes or of cores. This 
is no simple matter. Our greatest difficulty arises in the 
allowances we must make for differences between assemblages 
recovered on open sites (where fully representative material 
cannot be expected) and those found in sealed (cave) sites. 
These may be most marked and as the Gave of Hearths is 
only the second discovery of Stellenbosch hand- axes found 
sealed in a cave in South Africa, we still have a great deal 
to learn about the culture. The question, so far as we are 
concerned, must, therefore, remain an open one while the 
evidence before us is as slender as it is. 

2 — Becent Work. 

In February, 1943, I revisited the area accompanied by 
the Abb6 Breuil and Mr. B. D. Malan when we re-examined 
the caves during a week’s stay in the neighbourhood. The 
results of this recent visit may be summarised as follows: — 

A. The Cave of Hearths. — Our joint investigations yielded 
nothing new, but the Abb4 Breuil stressed two important 
impressions: (i) the marked preponderance of Tayacian affinities 
revealed by the great mass of material recovered from the 
lower layers and (ii) the striking superficial resemblance between 
the deposits and those of Chou Kou Tien — especially the phos- 
phatic breccias and layers of ash of various colours. 

As the hand-axes and cleavers we have were all found on 
top of the breccia that collapsed between my first and second 
visits ip 1937, or occurred lying loose among the fallen blocks, 
and as Mr. Malan found no bifaced tools in the breccia he 
developed, but only very crude proto- or pseudo-Levallois-type 
cores and flakes undoubtedly recovered from the body of the 
lower and lowermost deposits, we reluctantly left the cave with 
the feeling (i) that remains that recall the Tayacian of Europe 
occur in the lower levels, (ii) that among the earlier occupants 
of the cave were makers of hand-axes and cleavers some of 
which suggest a knowledge of the Victoria West or Proto- 
Levallois technique that may here be later than the Tayacian 
types, (iii) that the few possible Middle Stone Age elements 
recover^ may have been derived from layers above the Stellen- 
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bosoh and Tayacian forms, i.e., from the zone of the great 
hearth that forms the present ceiling of the cave, and (iv) that 
it is imperative to start systematic investigations as soon as 
circumstances permit. The task will be a long and tedious one 
that will need to be spread over many suitable seasons. 

B. The Bainbow Cave. — ^This cave is characterised by a 
great accumulation of ash stratified from the floor upwards in 
layers of grey, pink, green, yellow and mauve pastel shades — 
a deposit that reaches a thickness of over six feet at one side 
of the cave. The only artifact previously recovered from the 
adjacent breccia at bedrock was a small very advanced Levallois 
flake in clear quartz. During our latest visit we re-examined 
the lowermost breccias, which are also phosphatic in patches, 
and recovered a number of flakes and blades ns well as the 
point shown in the accompanying photograph. 




The assemblage undoubtedly belongs to the Pietersburg 
variation of the Mid$lle Stone Age as described by Goodwin 
1929 — a variation about to be raised to the status of a full 
culture. All the tools and flakes were coated with lime whVh 
had to be removed by treatment with hydrochloric acid. The 
point chosen for illustration is in mint condition; literally as 
sharp as a needle. The butt and flake surfaces are plain and 
the edges and upper face have been elaborately trimmed. It 
^measures 2*7in. x l*8in. x 0*4in. in maximum length, breadth 
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and thickness and is of felsite, the nearest supply of which is 
several miles away. 

The breccia yielded no traces of the great hand-axe group 
of cultures of 'Old Palaeolithic times, nor did it yield any 
Tayaoian forms such as we recovered in quantity in the Cave 
or Hearths. The material is exclusively Mid-Palaeolithic. The 
stones used include quartzite, quartz, chert and felsite — a 
material most favour^ by the masters of the developed 
Levallois technique that forms the basis not only of the 
Pietersburg Culture of the Central Transvaal, but of the entire 
Middle Stone Age throughout the sub-continent. 

C. The Buffalo Cave, so-called because during an earlier 
visit Mr. Malan and I recovered the mineralised horns and 
several fossil bones of the extinct Bos Makapanni {19&7) — 
yielded an indeterminate artifact in quartz ; an obvious 
importation. 

j 

3 — General Observations. 

These brief notes make it clear that the breccia-filled 
limestone caves on the farm Makapansgat were not all occupied 
at the same time and that there is a very urgent need to keep 
the fossils, both faunal and human, from each cave not only 
in separate collections, but also to note the exact position of 
every specimen found in situ. My reasons for stressing this 
obvious need are due to the fact that during the early stages 
of commercial exploitation, at least half a dozen deposits were 
“ worked.*' Of these five are knowm to contain fossil- 
bearing breccias. It is unfortunately inevitable that the fossils 
first recovered and sent to museums should merely have been 
catalogued as having come from the “ Makapan Caves " or 
from the farm “Makapansgat.'’ These can, therefore, be of 
general palaeontological interest only. Now that the human 
occupation of the caves by men of different lithicultural horizons 
has been established, n repetition of this state of affairs would 
be most unfortunate. 

It is also important to note that the degree of minerali- 
sation of the bones and breccia is not necessarily an indication 
of relative age. The factors that control the ingress of 
lime-beraring waters into the deposits vary from cave to cave. 
Indeed while the caves described are known to have been 
occupied either by animals or by men at different times during 
the Quarternary Age, it is possible that others were occupied 
during Tertiary times. 

No cave yielded traces of the Later Stone Age despite the 
fact that tools that characterise the Smithfield and Wilton 
Cultures as well as rock paintings, occur sporadically in the 
neighbourhood. The infilling and sealing processes in the 
Makapan Caves appear to have been completed before the 
makers of Smithfield and Wilton tools appeared on the scene. 
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EDGED DISCS AND ARMBINGS 

BY 

A. J. H. Goodwin, 

Read 29th June, 1943. 


During the past few years 1 have been working on a survey 
of the bored stones of South Africa, and in the course of this 
work my attention has been drawn somewhat forcibly to a number 
of interesting and important facts concerning these various but 
analogous implements. One or two of my findings may be 
attributed to chance, but in certain instances this element of 
chance becomes so remote that it can hardly be said to play 
a very important part. Under this latter heading may be placed 
the accumulation of known* facts concerning the distribution 
and the sizes of certain discus-like stones generally regarded 
as armrings, or as armrings in the making. 

In the following paper I have brought together the relevant 
figures, and 1 discuss these, not so much with the intention 
of making any final contribution to science, but to elicit further 
and more exact information concerning the sizes, distribution 
and the cultural associations of these stones. I here refer to 
these implements by the non-committal name of “ edged discs." 
The only term that may need explanation is " index," which 
refers to the relationship of the thickness of the implement to 
the external diameter, expressed as a percentage. It is therefore 
the quotient of the fraction: 

Thickness x 100 
External diameter 

The edged disc consists of a stone lens, ground carefully to 
shape and finally bored. It generally has an index below 
80 per cent., and may be bi-convex, or less commonly plano- 
convex^ Variation in size is very considerable, ranging from 
6-0 cms. to 13*3 cms., a variation of well over 100 per cent. 
The " stone armring " has in all cases been made from such 
a disc by increasing the bore by careful rimming until only the 
outer rim of the lens remains. The section of the " armring " 
thus consists of an isoscelean triangle, the base towards the 
centre and the acute apical angle outward, forming the perimeter 
of the ring. 

The only two important measurements are the external and 
the internal diameters (the bore), the first indicating the 
maximum possible size of the bangle, the second showing how 
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far the process of rimming had gone. The external diameter 
is the only common figure for comparisons between edged discs 
and armrings. The index is given, but only to show the general 
relationship between diameter and thickness. It is obvious 
that as the aperture bored into a lens increases, so the thickness, 
and hence the index, decreases. An illustration of the armring 
may be found in Van Biet Lowe’s Smithfield paper (^). Burkitt 
has also depicted a small fragment of one (^) . 

The modern European technique of grinding glass lenses 
by hand consists in rubbing two flat surfaces of glass together 
until one becomes increasingly convex and the other shows a 
concave depression. How these prehistoric lenses were made 
it is so far impossible to say. I have never observed any concave 
surface of a type suggesting that it was so used. The presence 
of such a depression, either in standing rock or smaller hand- 
material, would yield interesting evidence. I know of no example 
of an unbored lens of this type. 

Sites are listed here under provinces, and the lists are not 
so complete as I would have wished. No specimens are known 
to me from the Transvaal. In certain cases photographs have 
been used to obtain measurements. Four or five examples from 
the McGregor Museum, Kimberley, have been taken from photo- 
graphs by Mr. Duggan-Cronin with the help of a scale provided 
by Miss M. Wilman. The error in such instances is slight. 
Two examples have been taken from an early paper by 
8. Schonland (®). Only external and internal diameters are 
given. In addition, Lowe’s illustration and measurements are 
used for the specimen he has depicted, but the provenance is 
not given, and the specimen has since been destroyed by fire. 
De Kiel Oost is presumed to be the origin, but Koffiefontein is 
an alternative. One or two specimens have been taken from 
Dunn (^), using the scale he gives there. 

The following abbreviations are employed to denote 
sources : — 

A.M.G. Albany Museum Collection, Graham&town. 

E.L.M. Kiist London Museum Collection. 

M. M.K. McGregor Museum Collection, Kimberley. 

N. M.P. Natal Museum Collection, Pietermaritzburg. 

P.E.M. Port Elizabeth Museum Collection. 

S.A.M. South African Museum Collection, Cape Town. 

S. I. Stone Implement Collectjon at the Durban Museum and 

Art Gallery. 

T. M.P. Transvaal Museum Collection, Pretoria. 

U. C.T. University of Cape Town Archaeological Collection. 

W.U.A. Witwatersrand University, Anatomy Department Collection. 

The remainder, from private collections, will explain 
themselves. My thanks are due to all sources of material, and 
it is hoped that further material will be submitted to me in 
the near future: — 



80UTH AFRICAN JOURNAL OF SCIENCS. 


Swaailand: 

S.L,26 

Diam. 

... 131 

Ht. 

21 

Ind. Mouth. Cent. 

160 6-7 4-6 


Durban: 

S.I., 25 

.. 8-9 

•9 

NATAL. 

101 

6*8 

6-2 


Bushman’s River. 
T.M.P., 1806 

13-3 

2*9 

219 

81 

6*1 


Kranakop ; 

N.M.P., 2066 ... 

.. 121 

1-7 

14-2 

6*0 

4-9 

•24 Kgs. 

Uvongo : 

S.L, 7 

.. 10-9 

1-8 

16*6 

3*4 

1*8 

10 feet deep. 

** O.F.S.” j 

S.A.M., Bain ... 

ORANGE FREE 

.. 11*3 2*8 24*7 

STATE. 

4-6 4-4 


Koffiefontein : 

B.A.J., 64/38 , . 

... 6-8 

20 

29-4 

2*6 

20 


U.C.T., 36/167 ... 

.. 7*3 

D2 

16*4 

21 

1*6 


W.U.C., 1100/G 

.. 7*7 

1-5 

190 

3-8 

2*7 


W.U.A., 1100/H 

.. 8-8 

1-4 

160 

3-6 

2-8 


W.U.A., 228 

.. (11-6) 

1-6 

13*8 

6-8 

5-6 


1990 ... 

.. 10-6 

31 

29-2 

3*6 

2*6 

Sandstone. 

M.M.K., 1414 ... 

. 9-9 

— 

— 

6-6 

5*3 

From Duggan-Cronin. 

De Kiel Oost : 

B.A.J., 11/40 ... , 

.. 9‘8 

3-0 

30*6 

3*8 

2*0 


B.A.J. (Burnt) ... 

... 10-0 

‘8 

8-0 

(7-0) 

6-4 

From Lowe. 

Smithheld : 

S.A.M., 1143 ... 

... 9-1 

1*7 

18-7 

2-2 

17 


Morseilles : 

U.C.T., 23/182 ... , 

.. 12-1 

2’0 

16-5 

6-2 

4-7 

(Oval hole, 5-2 x 4* 

Griqtialand West: 
S.A.M., 4367 ... 

GRIQUALAND WEST 

.. 10-5 2-4 22-8 

AND 

6-2 

VAAL. 

5-5 

cms.). 

Modder River: 
S.A.M., 1132 ... , 

.. 80 

2-3 

29-0 

2-0 

1-2 


Douglas : 

S.A.M 

. 9-5 

3-3 

34-7 

2-4 

1-2 


M.M.K., 268 ... 

.. 12-5 

41 

32-8 

3-7 

22 

Ss. 

Vaal - Orange Con- 
fluence : 

A.M.G 

... 10-0 




1*9 

From Schonland. 

A.M.G " , 

.. 11-4 

— 

— 

— 

6-7 

From Schonland. 

Windsorton : 

B.A.J., 6/36/66 

... 9-6 

1-0 

10-5 

6-6 

6-3 


Jjast Hope: 

M.M.K., 2002 ... 

.. 91 

- ■ 



6-3 

6*8 

From Duggan-Cronin. 

Kanteen Eop: 
M.M.K., mi ... 

.. 9-6 




61 

6*8 

From Duggan-Cronin. 


In addition to theso, two anomalous examples come from 
the ^IcGregor Museum, Kimberley, Nos. 1568 and 1409 
respectively. They are both from Koffiefontein. The first is a 
plain disc of stone, unbored but chipped carefully to a lenticular 
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shape without signs of grinding (10*5 by 10*2 cms. in diameter). 
Almost identical, but bofed, is the second example from the 
same site. These two suggest that in certain instances these 
implements were chipped first, then bored, and presumably 
might be finally ground. It is hardly possible that grinding 
and polishing were left until the armring was completed, as this 
would involve very careful handling of the delicate stone ring. 


EASTEUN CAPE PROVINCE. 



Diam. 

Ht. 

Ind. 

Mouth. Cent. 


Victoria East (Alice) : 
S.A.M., 3826 

10-6 

22 

20*7 

7*4 

6*4 


Gcalekaland (Willow- 
vale District) : 
A.M.G 

11-4 




5*4 

From Schonland. 

Aliwal North: 

Dunn 

(7-8) 


__ 

_ 

(4-5) 

From Dunn. 

Coega to Kleinpoort: 
P.E.M., 614/C 

11*6 

4*7 

40*9 

4-3 

1-6 

(Very thick specimen). 


SOUTHERN CAPE PROVINCE. 


Storms River: 


S.A.M 

. 13*0 

— 

— 

— 

•9 

From Peringuey. 

Tzitzikamma : 

P.E.M., 94 

Knysna ; 

. 12*6 

2*4 

18*7 

2*9 

1*7 

Plano-convex. 

S.A.M. , Bain 

. 8*5 

1*9 

22-3 

1*9 

1*1 



7-5 

1*2 

160 

20 

1*0 



6*0 

1*8 

30*0 

2-6 

1*8 


Sharpies, 15 

Platbos, Still Bay: 

. 9*7 

2*0 

20-0 

2*3 

1*3 


Heese 

10*7 

24 

22*4 

6*2 

6*6 

Ss. -23 Kgs. S.AJ,S,, 
XXV, p. 397. 

Bloembos : 

Heese, 14 

Stellenbosch : 

.. 8*5 

3*0 

35*3 

2*8 

1*4 


S.A.M., 205 

.. 6*5 

M 

16*9 

1*2 

*7 


Worcester : 

Ilecse, 15 

Cape Peninsula : 

.. 7-6 

2-3 

30*3 

2*7 

1*4 


S.A.M., 105 

.. 8*6 

2*5 

30*0 

2*3 

1*1 

Strandfontein. 

S.A.M 

.. 9-7 

30 

30-9 

2'8 

1*9 

Capo Point. 

S.A.M 

.. 8-3 

2-4 

28*9 

2*2 

1*2 

False Bay. 

Jardino Coll 

.. 8-2 

1*7 

20*7 

1*9 

*96 

Somerset West. Shale. 


East London: 
E.L.M., 36 ... 


Port Elizabeth: 
P.E.M., 615/ J 

Tzitziknmma : 
P.E.M., 94 ... 


ELONGATED EDGED DISCS. 


180 X 

14*5 

40 

6*0 

4*0 

1*14 Kgs. Cambridge 
quarry. Roughly tri- 
angular. Worked to 
an edge on one side 
of triangle only. 

11*6 X 

9-0 

3*0 

3*7 

2*3 

•3 Kgs. Shell breccia 
(Perseverance), 

12*0 X 

9*8 

1*9 

1*9 

1*2 

•31 Kgs. Plano- 


convex. 
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These last three are anomalous in various ways, and little 
evidential value can be attached to them; they merely serve 
to draw attention to the possibility of further elongated forms 
occurring. Few, if any, of the ** circular " specimens are 
mathematically circular, and Heese’s paper cited under Platbos 
above shows the range of error to be expected. 

Analysis. 

The only figures of practical interest to us here are those 
in the first and last columns above. These are the external 
diameter, showing the maximum size of ring that could be 
expected, and the internal diameter, showing the actual size 
of ring achieved, or, more briefly, the bore. 

We may express these as a simple table, showing the 
maximum and minimum range of external diameter, the 
maximum and minimum range of internal diameter, and finally 
the maximum and minimum range of the great majority of 
specimens (internal diameter) : — 


Area. 

External. 

Internal. 

Majority. 

Swaziland and Natal ... 

13*3~8*9 

6*2— 1*8 

62—4*6 

Orange Free State 

... ‘ ll*e~6*8 

6*4— 1*3 

6*4~4*4 

Griqualand West 

12*5—8*0 

68—1*2 

6*8— 6*5 

Eastern Cape Province 

11*6—7*8 

64—1*6 

6*4— 4*6 

Southern Cape Province 

13*0—6*0 

6*6— *7 

1*9—10 


If M^e look more closely into the figures, we see that in 
the Free State and Griqualand West areas the internal diameters 
divide themselves into two groups — those between 1-2 and 3-0, 
and those between 4-4 and 6-0 cms. The Eastern Province series 
agrees fairly well with those figures. 

In the Southern Cape Province we have a very different 
state of affairs. Here only one specimen (from Platbos, 5*5 cms. 
internal diameter) exceeds 1-9 cms. in bore, while holes are 
in two cases less than a centimetre across. 

Now let us study some facts about these figures. By experi- 
ment a fixed circle of 6*0 cms. is the smallest aperture through 
which a small woman’s hand will pass, while the average is 
higher than this. The diameter of the ulna and radius together 
at the narrowest part of the wrist is in the region of 5*8 cms. 
in the adult. It become.s obvious that of the thirty specimens 
listed only two specimens could have passed the hand of an 
adult woman (De Kiel Cost and Victoria East) . Once in position 
(having been placed there earlier in life) on the wrist, only 
eight could have remained in place until maturity without 
seriously impeding the use of the wrist, or even deforming the 
bone at that point. These latter consist of specimens with an 
aperture greater than 5*1 cms. (2*00789 inches). 

It has always been presumed that the edged disc was a 
stage in the making of the *' arm-ring ” in all cases and that 
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an armring was actually intended. Various questions arise; for 
instance, why have no such rings been found tn situ in pre- 
historic burials? Again, why are no such armrings depicted in 
prehistoric paintings? The only arm and leg ornaments depicted 
are above the calf and above the elbow and are related to existing 
Bushman ornaments. 

It becomes clear that we may well be dealing with two 
distinct implements, the one with an external diameter of 
perhaps 10*0 to 13*3 cms. in extreme range, the other from 
6*0 to 10*0 cms. in extreme range. It is perfectly possible that 
the larger series was intended to be made into a child’s bangle 
with an internal diameter of from 7*0 cms. to 10*0 cms. The 
others could never have hoped to have a bore greater than 4*0 
to 7*0 cms., and in fact few exceed 1*9 cms., or three-quarters 
of an inch. This latter group is most markedly preponderant 
in the Southern Gape. 

A single specimen, not listed above, from Doorlhof, Bain’s 
Kloof, Cape Province, may make the position clearer. It has 
been carefully described by Dr. C. H. Heese (^) and consists of 
an edged triangular implement, almost isoscelean and measuring 
21*0 cms. in length by 13*6 cms. in width. The liole has an 
aperture of 2*9 cms. and a minimum diameter of 1*4 cms. It is 
impossible to regard this as an unfinished armring, and it is 
evident that we are dealing with a polished implement or 
ornament. The question therefore arises us to whether we are 
justified in regarding the majority of our specimens as unfinished 
armrings, or whether they do not represent a group of implements 
of the type described by Heese. 

As to outside evidence, we know little. Miss M. Wilman, 
of the McGregor Museum, Kimberley, states that many of the 
specimens in that collection are known to have come from fresh 
water springs, and she therefore uses the term “ eye of the 
fountain ” to describe them. Whether that term has any 
foundation in Bushman or Hottentot lore T do not know, but 
the suggestion is put forward for what it may prove to be worth 
in the light of future discovery. It would seem unnecesary 
to grind a stone to a lenticular or plano-convex shape merely 
to keep the eye of a fountain uncontaminated. 

P^ringuey (^) in a footnote suggests that the edged disc 
may be analogous to the Indian tchakra, a metal throwing 
discus, stone examples of which he cites from India and Cochin- 
China and from France and Italy, presumably parent to the 
Greek discus. Many specimens are in soft stone and would 
certainly show chipping from usage if this were their use. 

Another analogy may be found among the stone-headed 
clubs used among the tribes of British New Guinea (^). It is 
quite possible that the edged disc might have been so employed 
and would have proved an extremely efficient club, but pre- 
historic skulls show no evidence of its use. 
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The only evidence in original literature concerning the use 
of arrnriiigs (not necessarily stone) is found in “ Alexander’s 
Travels " (®) where he states that " the Bushman, to make 
his arm heavier for throwing the assegai, wears his trophy 
rings.” 

Whatever their uses may have been, I have retained the 
two terms, ” arm-ring ” and ” edged-disc,” in the hope that 
further evidence will clear the position. 

DISTRIBUTION. 

Aperture under 3 cms. Aperture over 4*4 cms. 


Uvongo. 

Swaziland. 

Koffiefontein. 

Durban. 

De 'Kiel Oost. 

Bushman's River. 

Smithheld. 

Kranzkop. 

Mndder River. 

” O.F.S.” 

Douglas. 

Koffiefontein. 

Vaai-Orange Confluence. 

(De Kiel Oost). 

( 'oega-Kleinpoort . 

Marseilles. 

Storms River. 

” Griqualand West.” 

Tzitzikamma. 

Vnal-Orange Confluence. 

Knysna. 

Last Hope. 

Bloembos. 

Kanteen Kop. 

Bain's Kloof. 

Windsorton. 

Stellenbosch. 

Victoria East. 

Worcester. 

Gcalekaland. 

Strandfontein. 

Aliwal North. 

Somerset West. 

False Bay. 

Cape Poii^t. 

Platbos, Still Bay. 
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’N SOUTPANSBEEGSE ZIMBABWE. 

'n Voorlopige Ondersoek van *n Bouval op die Plaas Solvent. 

Deur 

J. B. DB Vaal. 

Losing gehou op 29 Junie, 1943. 

Inleiding. 

Op uitnodiging van een van iny skoolseuns, Marthinus du 
Plcssis, het 'n jonger broer en ek 'n bouval op hiille buurman, 
innr. P. J. Le lloux, se plaas Solvent gaan ondersoek. 

Solvent is in die Soutpaiisbergse bosveld, aan die westelike 
oewer van Sandrivier, vyftien niyl noord van Waterpoortstasie 
gelee. Waar die rivier in *n noord-oostelike rigting swenk is 
daar feitlik ewcwydig met hierdie sweiikende gedeelte 'n rant, 
by die oinwonende naturelle as Mac*hemma bekend, met verskeie 
koj)po daarop. Op die middelste een, wut vanuit ’n af stand 
bo-op plat vertoon, is die bouval wat in die bespreking 
,,Machemma** genoein sal word. 

Die kop is bosbegroeid, maar is nie so ruig dat dit nie 
sonder 'n voetpad van alle kante bestyg kan wonl nie. Vanaf 
die oostekant gaan daar in 'n westelike rigting, langs die suidelike 
hang van die rant, *n vee- en wildsvoetpad tot byna op die kop. 

Vanaf die suidekant bestyg, word die aandag omtrent vyftig 
tree vanaf die kruin al getrek deur stukke been, kleipotskerwe 
en as wat met grond vermeng is. 

Die bouval is op die afgeplatte maar nie die hoogste punt 
van die kop gelee nie. 'ii Eiidjie oos is dit effens hoer. Die 
mecste van die mure is gedeeltelik ingoval, maar staan op 
sommige plekke nog vyf voet hoog. Die hele bouval beslaan 
*11 terrein van oos na wes ongeveer 270 voet en van noord na 
suid ongeveer 180 voet. 

Die klippe wat vir die pakwerk gebruik is, is melk- en 
grys kwartsiet, met ’n gemiddelde grootto van omtrent 
0dm, X 3dm. x 2dm. Hierdie klippe is in die omgewing 
uitgebreek en opgetel, Aan die oostelike en noord-oostelike 
helling van die kop kom rotslae voor waar *n mens kan sien 
dat baie klippe uitgebreek is. In hulle natuurlike reghoekige 
vorm is hierdie klippe besonder geskik vir boudoeleindes, sodat 
dressering onnodig was. Die kleinheid van die bouklippe en 
die geweldige omvang van die bouval, dui op *n ontsaglike 
hoeveelheid werk wat verrig is. 

Die klippies is opinekaar gepak en geen bindmateriaal is 
gebruik nie. Aan die buite- en binnekant is die mure ewe 
netjies afgewerk. In vergel^\king met ruwe Bantoeklipmure wat 
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te Waterpoort, Bushy Bfse, Melrose en Naus voorkom» is hierdie 
pakwerk besonder netjies. Tog is die verband in die mure, 
8008 aan die foto’s gesien kan word, betreklik swak. Waar twee 
mure ’n aansluiting vorm is daar op een plek ’n verband en 
by *n ander een is die mure net styf teen mekaar gebou. 

Die bouval kan in twee afdelings verdeel word : die 
oostelike gedeelte wat deur ’n muur ingesluit word wat ruweg 
sirkelvormig vertoon, en die westelike, wat gedeeltelik ingesluit 
word deur twee mure met 'n wye opening tusseu hulle westelike 
uiteindes. 

'n Paar honderd tree oos van die bouval is daar twee ander 
koppe waarop, op veel kleiner skaal, pakwerke voorkom. Dis 
in boustyl verwant aan Machemma, maar is tot op die grond 
ingeval. 

Die mure van die bouval eindig almal met netjiese rondings. 
Aan sommige dele van die bouwerk is baie meer sorg bestee 
as aan ander dele. Die suidelikc lang muur aan die westekant 
vanaf G tot by die uiteinde daarvan, w'at 8 voet breed en op 
sommige plekke nog 4 voet hoog is, is gepak met taamlike groot 
reghoekige klippe. In vergelyking met die pakwerk in die 
oostelike gedeelte van die bouval, is dit nie netjies nie. 

Bespreking van die Onderdelb van die Bouval. 

Hier volg ’n bespreking van die onderdele van die bouval 
soos op die bygaande sketskaart aangedui: (TToogtes van mure 
is op die sketskaart bygeskryf). 

A is die uiteinde van die lang muur wat in 'n westelike 
rigting loop. Dit neem 'n platformfiguur met die volgende 
afmetings aan: Die breedte op die wydste plek is 6 voet 9 duim, 
en die lengte vanaf die punt tot by die eerste vernouing 18 voet 
6 duim. Die grootste hoogte is 5 voet. 

B is *n breek in die bykans ingevalle muur, en was 
waarskynlik 'n ingang. Vanaf B oostwaarts, tot waar die 
stippellyn op die sketskaart begin, kan 'n muur gevolg word 
wat op die hoogste plek 3 voet 6 duim is. Dit was waarskynlik 
*n terrasmuur, want die bokant daarvan is met losgrond bedek 
en onsigbaar. 

0 is 'n sirkelvormige pakwerk van netjiese klein klippies. 
*n Paar jaar gelede was dit, volgens die getuienis van mnr. 
Evert du Plessis wat op die aangrensende plaas Kortdraai woon, 
omtrent 8 voet hoog. Toe was daar al van die klippe afgeval. 
Langs die verhoog het ’n boom aan die oostekant gestaan wat 
omgewaai het. Dit het die boonste gedeelte daarvan na die 
westekant toe laat instort. Die hoogte van die gedeelte wat 
nog staan is 8 voet. 'Op die bodem is die deursnit 9 voet 
4 duim en bo is dit 8 voet 8 duim. Dit word dus na boontoe 
nouer. Aan hierdie verskynsel geoordeel moes dit ’n ke^lvorm 
gehad het. Dit wil my voorkom of hierdie pakwerk *n 
miniatuur van die groot keelvormige toring van Zimbabwe is. 
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T> is ’n deurgang in die lang muur. 

E was waarskynlik die hoofingang. Die mure hier is breed, 
stewig, maar taamlik ingeval. Beide mure vorm by hulle 
uiteindes roiulings. By die ingang le 'n swart klip, netjies 
afgewerk om ’n ovaalvorm met die volgende afmetings aan te 
neem : 5 voet 2 duim lank, 1 voet in die middel breed, en 4 duim 
dik. Die gewig daarvnn is volgens akatting 250 lbs. Teneinde 
'n foto te kail neem mocs dit regop getel word. 

Hierdie klip is waarskynlik van elders dnarheen vervoer, 
want in die onmiddellike onigewing kom nie sulke klippe voor 
nie. By die ingang van die murasie op die suid-oostelike kop 
le ook *n buitengewone lang klip, maar dis een uit die omgewing 
en nie so netjies gedresseer nie. 

F, die kronkellyn tussen die twee mure, is 'n terrassie of 
trap, waarvan die inuurtjie met klcin klippies gepak is. Die 
ruiinte tussen hierdie muurtjie en die groot muur is opgevul 
met grond en klippe. Treffend is die netjiese sirkclbogies wat 
deur die muurtjie beskryf word. Was dit ’n ornament, 'n 
koninklike sitplek, *n trap of ’n stut van die lioofmuiir? 

G is ’n breuk in die lang suidelike muur. 

H. — ^Toe ons besig was om die westelike gedeelte van die 
noordelike muur vir ’n afstand van 30 voet onder losgrond met 
troffeltjies oop te krap, het my broer op 'n stukkie pakwerk 
afgekom wat die vorm van 'n sirkelbogie aanneem en die twee 
mure verbind. Dit wdl my voorkom of dit *n trappio was, in 
ooreenstemming met die trappies by Zimbabwe. 

J. — *n Eienaardige verskynsel is verskillende terrassies in 
die vorm van sektors van sirkels teen die muur. ITulle is los 
daarvan gebou en shut nie met ’n verband daarby aan nie. 
Nadat hierdie terrassies blootgele is deur die ingevalle klippe 
weg te gooi waardeur hulle bedek was, het hulle van die 
hoof muur met omti’cnt 5 duim weggeskuiwe. Die hoogte vanaf 
die bodem van die laagste tot die bodem van die hoogste is 
2 voet. Die doel liiervan was waarskynlik om as stut teen die 
muur te dien. Cat on -Thompson (1931) het te Zimbabwe in die 
Maund-bouvalle 'n dergelike verskynsel aangetref. 

I, L en M. — Dis vertrekke waarvan die vorm is soos in 
die tokening aangedui. Die wydte van T by die ingang is 3 
voet 6 ''duim en die diepte 12 voet. Die ruimte binne die 
vertrek is gedeeltelik met losgrond opgevul. ])ie mure is op 
die hoogste plek aan die binnekant 3 voet. 

L bestaan uit ’n ruimte ingesluit deur twee mure, een 
waarvan *n sirkelboog vorm wat met Ti verband by 'n reguit 
stuk muur aansluit. Die bouklippe is hier besonder klein. Die 
half-sirkelvormige muurtjie is smal, n.l. IJ voet, maar dis baie 
stewig. Die vertrek is op die breedste plek 8 voet en van voor 
tot agter 12 voet di(»p. Aan die agterkant binne is die muur 
4 voet hoog. In teenstelling met die ingange van die under 
vertrekke eindig die iugangmuurtjies reghoekig. Die wydte van 
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die ingang iis 2 voet 10 duim. Binne in die vertrek is losgrond 
wat deur iemand uitgegrawe moes gewees het. 

M is peervormig. Die mure loop in die westekant met 
*n skerphoek na mekaar toe. Dio grootste wydte daarvan is 
14 voet 6 duim en die diepte 25 voet. Wat die funksie van 
hierdie vertrekke was kon ek nie by my inform ante uitvind nie. 
Dis heeltemal moontlik dat dit as woonvertrekke kon diens 
gedoen het. 

K is die hoogste punt binne die bouval waar die ,,Dumpey’*- 
toestel opgestel is om die vcrskillende lesings te neem. 

N is 'n afdeling in die bouval wat heeltemal laer as enigeen 
van die vertrekke I, L en M le. 

O is *n platform van nctjiese reghoekige klippies gepuk. 
Vanaf die punt tot by die eerste vernouing is dit 12 voet lank 
en op die breedste plek, d.w.s. 5 voet vanaf die westelike punt, 

7 voet 3 duim breed. Vanaf die vernouing word die muur met 
*n bulging voortgesit. l^y die hoogste plek is dit 4 voet hoog. 
Soos aan die sketskaart gesien kan word is dit uit die half- 
sirkelvormige ringmuur gebou en sluit met *n verband daarby 
aan. 

Drs. van Hoepen en Hoffman (1935) hot in die distrik 
Zocrust Bahurutsi murasies ondersoek. Daar bet hulle dergelike 
platforms gevind wat volgens hulle sou godien het om koring- 
bakke of -mandjies op te plaas. Na alle waarskynlikheid het 
platform 0 vir dieselfde doel gedien. 

P is *11 waarskynliko ingang, bale smal. 

Wat treffend van die bouval is, is dat daar soveel losgrond 
binne in en in die onmiddellike omgewing daarvan voorkom. Die 
liele noordelike muur vanaf punt P tot naby die ingang E w’aar 
dit doodloop, staan nerens hoer as 9 duim bokant (lie grond 
uit nie. (3p cen plek waar *n erdvark (?) van die buitekant 
laiigs die muur gegrawe het, gaan die pakwerk nog vir omtrent 
3 voet in die losgrond af. A1 gaandowog het ek die indruk 
gekry dat *n groot gedeelte van die bouval mot grond bodek is 
— toegogooi niiskien— en dat opgrawingswerk hcelwat nuwe 
fetrukture behoort bloot te le. 

Die Gebruik v\n Monolietb onder die Bvxtoes. 

l^y die Zimbnbweruines het Caton -Thompson (1931) o(jk 
lang klippe by die ingange van die bouvalle aangetref. Sy 
meen dat dit deurkosyne was. 

Op die plaas Melrose, w^aar die murasies van die Sotho- 
opperhoof Sebola se eertydse stat nog te sieii is, is daar bo-op 
die grootsto nog staande muur drie lang klippe iiigeplant. Di4 
klippe kom egter uit die onmiddellike omgewing en is nie netjies 
afgowerk nie. In dieselfde muur is daar drie ingeboude sitplekkc 
aan dieselfde kant van die muur op *n ry. 

Te Dzata aan die Njolelerivier, waar die ruines van die 
oerste Baw’onda-immigrante in Soutpansberg nog staan, is 'n 
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sirkelvormige platformpie naby, direk noord van die groot ovaab 
vormige mishoop van die veekraal. Dit bet 'n deuranee vaa 
10 voet en is gebou van twee iae ruwe klip. Bo-op is drie 
hopies klip waarin waarskynlik drie lang klippe ingeplont was. 
Ben daarvan le non bo-op plat en twee aan weerskante van die 
platform. Die lengtes is 8 voet 8^ duim, 8 voet 1 duim en 8 
voet 7} duim respektiewelik. 

Stayt (1981) meld in sy monografie dat groepe van die 
Bawenda heilige bulle besit. Diegene wat arm is hou beilige 
klippe aan. Oewoonlik word daar twee ingeplant, waarvan die 
grote die koei en die kleintjie die bul voorstel. Soms vind 'n 
mens onder die Bawenda en die Karanga drie sulke heilige klippe. 

'n Baie interessante opmerking van Stayt (1981) is die 
volgende: ,, Another feature of some interest is the occurrence, 
in different places, of odd stones (plate vi) put up for some 
undiscovered reason. The shape of these stones suggests that 
they were of phallic origin, and possibly that the people who 
erected them were influenced by their contact with Zimbabwe, 
where so many phallic symbols have been identified. Frequently 
one or more such monoliths are placed on the wall at a village 
entrance or in the main yard (plate vii) apparently for no 
specific reason, but merely in imitation of their ancestors.*' 

Dis dus moontlik dat die monoliet onder bespreking as 
deurkosyn kon gedien het, of dat dit, in nabootsing van die 
monoliete wat by Zimbabwe bo-op die mure voorkom, by die 
ingang as falliese simbool op die muur ingeplant was. 

Op die plaas Yasval, omtrent twin tig myl suid van 
Machemma is deur mnr. J. H. Otto 'n keSlvormige falliese 
klippie opgetel, wat ek in 1983 self gesien het. Hierdie plaas 
is volgcns oorlewering deur Sotho's bewoon. 

In my besit het ek *n baie netjies en eweredig geslypte 
ke6l vormige klippie. Dis 2^ duim hoog en die sirkelvormige 
bodem het *n deursnit van IJ duim. Ook die bodem is glad 
met 'n effense ronding geslyp. Dis op die plaas Nakab 1121, 
deur een van my leerlinge, Izak van Kooyen, naby *n verlate 
Bawendastat opgetel. Nakab le *n paar myl wes van die 
Njelelerivier in die hartjie van Wendaland. Ons kan dus aan- 
neem dat hierdie klippie aan die Bawenda behoort het en dat 
dit *n falliese voorwerp was. Dit dui op *n verwantskap tussen 
die Bawenda en die Sotho's van Soutpansberg met Zimbabwe, 
omdat daar by Zimbabwe verskeie sulke klein falliese voorwerpe 
deur navorsers gevind is. 

Patronb in DIB Mure. 

Op verskeie plekke in die mure kom daar patrone voor. 
Dit word met pylpuntjies op die bygaande sketskaart aangedui. 

(1) By O is ’n patroon aan die westekant van die noord- 
suid muur. Dit bestaan uit lae wit klippe afgewissel deur lae 
grys kwartsiet. Die kleure en die manier waarop die klippe 
gepak is kan duidelik op foto No. 4 gesien word. 
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Dieselfde soort patroon is deur prof. Dr. Leo Fouch4 (1087) 
in die murasies op die plase Maryland, vyf myl noord van 
Messina, en Haddon, 10 myl wes van Messina gevind. 

Hierdie ,, banded decoration kom ook in 'n stuk muur by 
die keSlvormige toring in Groot-Zimbabwe voor. 

(2) By b, in die hoek van twee aansluitende mure het 'n 
paar skuinsstaande klippe net bokant losgrond wat teen die muur 
opgehoop was, verdag voorgekom. Nadat hulle verder 
oopgegrawe is, is 'n pragtige visgraatpatroon blootgele. Die 
lengte wat deur die patroon beslaan word is 4 voet 8 duim 
en die wydte daarvan 1 voet. Die klippe wat gebruik is, is 
plat grys kwartaiet. (Sien Foto No. 5.) 

Visgraatpatrone kom in Soutpansberg in die bekende 
Murasie op die plaas Verdun voor, omtrent 4 myl wes van 
Mopanistasie. Ook word dit gevind in die genoemde bouval 
op die plaas Maryland, en op uitgebreide skaal in verskeie 
Bhodesiese Zimbabwes, waarvan die te Dhlo-Dhlo en Nanatali 
van die vernaamstes is. 

(8) By c is *n aantal skuinsliggende klippies in die muur 
wat *n ,, girdle ''-patroon voorstel. (Sien Foto No. 6.) Sover 
bekend kom hierdie patroon in Soutpansberg alleenlik in die 
bouval te Maryland voor en in Bhodesie, veral te Dhlo-Dhlo 
en Nanatali. 

(4) By e, d en f kom die bekende ,, chessboard "-patroon 
voor. Te Verdun is daar twee sulke patrone in die muur en 
ook in die bouvallo van Dhlo-Dhlo en Nanatali. (Sion Foto 
No. 7.) 

VeRDERB PuNTE van OoREBNKOMS TITSSKN M\chemma en 
AnDER BoU VALLE. 

Verdun. — Beide Verdun en Machemma is met klippe gepak 
wat uit die omgewing kom. Geen definitiewe waterpaslyn is 
gevolg nie, omdat klippe van verskillende diktes gebruik is. In 
beide bouvalle is klein klippies onder die groteres as wiggies 
gebruik om die bouklippe in posisie te laat le. By Verdun 
eindig een van die mure met 'n ronding soos te Machemma. 
Te Verdun kom in een muur egter 'n ingeboude sitplek voor. 
Tot dusver is soiets nie te Machemma gevind nie. 

Dzata. — Die inuuruiteindes van beide bouvalle te Dzata 
en Machemma is rond. Hier is ook geen waterpaslyn met die 
pakkery gevolg nie. Klipwiggies kan oral gesien word. Volgens 
tradisie is die bouklippe, pragtige plat eweredige skales, uit 
BhodesiS deur die eerste immigrante aangedra. Hoewel die 
platform wat te Dzata voorkom sirkelvormig is netsoos die te 
Machemma, is daar geen verdere ooreenkoms nie, omdat eers- 
genoemde van ruwe klip, slegs twee lae hoog gebou is, en 
laasgenoemde kefilvormig en sowat agt voet hoog sou gewees het. 
Te Dzata is ingeboude sitplekke in die mure wat ooreenkoms 
met Verdun vertoon. 
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Melrose. — Op Melrose vertoon die drie ingeboude sitplekke 
in die inuur ooreenkoms met Dzata en Verdun. Die pakklippe 
is ru on uit die omgewing opgetel. Dis verreweg nie so netjies 
as die in die voorgenoemde drie nie. 

Die patrone vorm dus *n skakel tussen Machemmu en 
Verdun ; die ingeboude sitplekke 'n skakel tussen Verdun, Dzata 
en Melrose, en die pakwerk een tussen Verdun, Machemma en 
Dzata. 

Los VoORWERPE WAT TB MaCHEMMA GbVIND IS. 

Die voorwerpe wat gevind is bestaan uit die volgende; 

Van Klbi: 

(1) Baie kleipotskerwe met verskillende vonns van versiersels 
daarop. 

(2) Sewe heel spoelwieletjies (,, spindle whorls **) en ses halwes. 

(3) Drie stukkies plat gebakte klci, waarskynlik kleipotskerwe 
waarvan twee rond en een ovaalvonnig geslyp is. 

Van Yster: 

(4) 'n Skoffelpikkie. 

(5) ’n Asgaailem. 

(6) *n Pylpunt sender weerhaak. 

(7) Drie stukkies plat ystor waarvan twee na dele van skoffel- 
pikke lyk. 

(8) Dele aaninekaargeroeste arm- en beenringe. Die hare van 
die dierstert \\aaromheen die draad gedraai was het vergaan 
met die gcvolg dat daar *n gaatjie gelaat is. 

(0) Verskeie stukkies slak, waarskynlik oorblyfscls uit 'n hoog- 
oond waarin inetaal gesmelt is. 

V^N Koper: 

(10) ’n Stukkie verroeste koper arm- of beenring, van draad 
gedraai. 

(11) Twee stukkies koperdraad in klein rolletjies opgedraai. 

Van Klip: 

(12) Verskeie maalklippe, rondes waarmee gevryf is en 
uitgeholde plattes waarin gemaal is. 

(13) Klippe w^aarop, to oordeel aan die groewe daarop, asgaai- 
lemme geslyp is. 

(14) Twee stukkies blou geslypte seepstcen. 

Been : 

(15) Baie stukkies been le oral rond, 

Krale : 

(16) Op die ashope het ons opgetel en uitgesif: 

(a) *n Groot aantal volstruiseierdopkrale van verskillende 
groottes. 

(b) Verskeie skulpkralc. 

(c) 6 Geel glaskrale. 



’N SOUTPANSBERGSE ZIMBABWE. 


811 


(d) 4 Groen glaskrale. 

(e) 12 Blou glaskrale van verskillende skakerings, t.w., 4 
donkerbloues, 2 ligter bloues en 6 heeltemal ligblou. 

(f) Een be&ondere kleiii swart kraaltjie. 

(g) 'n Aantal plat swart krale wat lyk of hulle van klip 
gemaak is. 

(li) *n Swart kraal, in grootte gelyk aan die bloues. Bit 
lyk of dit van glas gemaak is. 

Die Betkkenis van die Krale. 

Vyf van die ligbloues en een van die donkerblou krale wat 
op Maohemina gevind is, is ,, Vhulungu ha Madi ’’ (krale van 
die water). Hierdie soort krale word vandag deur die Bawenda 
wat van koninklike afkoms is as erfstukkci gedra, en baie hoog 
waardeer, omdat dit volgens wyle B. H. Dicke (1936) nie ineer 
in Europa gemaak kan word nie. 

Caton -Thompson (1031) het in die ondersto lae van die 
Zimbabweruhies ,, Vhulungu ha Madi uitgegrawe wat volgens 
haar ineer as duisend jaar gelede daar gelaat is. Dit toon 
gevolglik kontak tussen die Bawenda, Zimbabwe en die 
bewoncrs van Macliemma aan. 

Wat Verder itit die Matertolk Oorblyfsbls van 
Maciiemma af te lei is. 

Die ras wat op Macliemma gewoon het was veebesitters. 
Die askleurige mis, vermeng met grond wat in die noord-oostelike 
gedeelte van die bouval voorkom, bewys dit. Hulle wa'^ 
bewerkers van die grond, soos van die heel skoffelpikkie en 
verskeie pikdele wat daar gevind is, afgelci kan word. Hulle 
graan, waarskynlik kafferkoring, wat vandag nog deur dit‘ 
Bantoes noord van Soutpansberg verbou word, omdat dit 
in hierdie droe dele beter as mielies aard, het hulle op maal- 
klippe, wat orals rondle, gemaal. 

Stukkies slak getuig daarvan dat hulle bewerkers van 
metaal was. Dis bekend dat yster en koper voor die koms 
van die Voortrekkers in 1836 na Soutpansberg en etlike jare 
na hulle vestiging hier, deur die Bantoes bowerk is. Die stukke 
arm- en beenringe, asook glas-, skulp-, klip- en volstruiseierdop- 
kralc diii daarop dat die betrokke ras hulleself versier het. 
Kleipotte is deur liulle vir huishoudelike doeleindes gebruik. 
Verder was hulle ’n jagtersgemeenskap, soos van die baie bene 
wat daar voorkom afgelei kan word. Volgens die ,, spindle 
whorls ” moes hulle gcspin en geweef het. 

Die materiele oorblyfsels vertel dus van *n ras wat hier 
gewoon hot, wie se leefwyse ooreenstem met di6 van on a Suid- 
Afrikaanse Bantoo toe hy nog ’n selfonderhoudende lewe, weg 
van Eiiropese invloed, gevoer het. Die kleipotskerwe, 
waarvolgens vasgestel kan word watter ras daar gewoon het, is 
nog nie deur deskundiges ondersoek nie. 
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BaNTOB TrADISIB in VsRBAND met DIB Bouval. 

Die getmenis van drie ou naturelle, nl. Swartbooi, Lishivha en 
Molikoa Dddza, wat op die plase Mollevel, Matjiesvlei en Albert 
respektiewelik woon, is ingewin. Hierdie plase le almal binne 
twintig myl van Machemma af. Die informante het in die 
omgewing opgegroei, sodat hulle vertellinge as die juiste tradisie 
aangeneem kan word. 

Aldrie is dit eens dat Machemma bale lank gelede deur 
*n Sotho-opperhoof Sebola bewoon is. Hy het by die berg 
Tswime naby Dzata aan die Njelelerivier saam met een van die 
Bawenda-grootkapteins Thoho-ya-Ndou of Eamapulana gewoon. 
As gevolg van rusie met die Bawenda het hy gevlug en horn 
te Machemma gevestig. Teneinde teen die Bawenda beskerm 
te wees het hy die klipmure daar laat bon. 

Te Machemma is yster gesmelt, waarvan die erts van 'u 
plek naby Sibasa gebring is. Die sirkelvormige verhoog is deur 
die kaptein gebruik om op te sit. 

Sebola is van Machemma deur die Bawenda verjaag en het 
verskeie plekke in die distrik bewoon. Hy en sy seun Toporo 
le langsmekaar op die plaas Melrose aan die noordelike voet 
van Soutpansberg begrawe. Sy kleinseun Petrus woon onitrent 
vier myl daarvandaan op Matjiesvlei, en is 'n indoena, onder- 
geskik aan die Bawenda grootkaptein, Mphefu. 

Petrus Sebola is volgens homself en Dr. N. J. van Waimelo 
(1935) *n Mosotlio. Volgens *n mededeling van innr. Jannie 
Otto W’ut tbhiVenda vlot kan praat, en op wie se plaas Petrus 
woon, praat die huidige Sebola se moeder nog tshiVenda. ’Onder 
mekaar het ek sy raadsmanne ook tshiVenda hoor praat. 
Hierdie Sothos is gevolglik onder sterk Wenda-invloed, en ons 
kan aanneem dat dit ook die geval met die bowoner van 
Machemma was, omdat hy by die Bawenda aan die Njelele- 
rivier opgegroei hot. Soos reeds aangetoon verraai die 
,, Vhulungu ha Madi ook kontakte met die Bawenda of met 
die bron vanwaar die krale oorspronklik kom. 

Samevattino. 

Uit die voorgaande blyk dat die bouval op Machcmina 
Zimbabwekultuur is. Met Groot-Zimbabwe het dit die 
Keelvormige toring, die rondings waarmee die mure eindig, die 
patroon van afwisselende lae swart en wit klippe, die monoliet, 
die spoelwieletjies en die halfsirkelvormige trappies en terrassies 
gemeenskaplik. Dis in Soutpansberg verwant aan die bouvalle 
te Verdun, Maryland en Haddon, at die pakwerk en die patrone 
in die mure betref. Met Dzata het dit die pakwerk en rondings 
waarmee die mure eindig gemeenskaplik. Aan Nanatali en 
Dhlo-Dhlo is dit in verskeie opsigte verwant, die vernaainste 
waarvan is die visgraat-, ,, chessboard-** en ,, girdle- **patrone. 
Dhlo-Dhlo en Nanatali vorm weer 'n direkte skakel met 
Zimbabwe omdat hulle verskeie punte van ooreenskoms vertoon, 
o.a. die chevronpatroon. 
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Hierdie resultaat lei ons tot ’n volgendo \raag: In welke 
verband staan die Sotho* en Wendavolk tot Zimbabwe? 

Die Sotiios. 

Volgeiis J. F. Schofield (1987) is Zimbabwe vanaf *ii 
oiibekende tydperk tot ± 1430 deur Sothos bewoon, en 
vanaf ± 1500 tot ± 1825 deur Shonas wat in kontak met die 
Kozwi-Wendavolke geleef het. Verder het hy aangetoon dat 
hierdie Sothos wat by Zimbabwe gewoon het in ± 1450 suidwaarts 
oor die Limpopo getrek het en hulle waarskynlik te Mapungubwe 
gevestig het, want daar het hy ook Sothokultuur, wat Zimbabwe- 
kultuur verraai, aangetref. Of Machemma deur lede van 
dieselfde groep of veel later bewoon is, sal nog deur opgrawings- 
wcrk aangetoon moet word. In ±1500 trek *n deel van die 
Shonastam oor die Limpopo en lewe saam met die Sothos van 
Mapungubwe. Na die werk van verskillende deskundiges kon 
prof. Fouchd (1937) in sy samevatting van die oorblyfsels te 
Mapungubwe se: . . . . ,,The culture revealed at Mapungubwe 
is closely related to that of Zimbabwe. It is ‘ Bantu/ in the 
loose sense in which that term has been used hitherto.” 

Volgens Dr. Galloway (1937) is die skedels egter nie di6 
van Bantoes nie, maar van *n veel ouer ras, nl. Bush-Boskop. 

Kaptein Gardner (1942), onder wie se Iciding die opgrawings- 
werk geskied hot tot met die uitbreek van die oorlog in 1939, 
het die volgende aan die lig gebring : Die koppie Bambandyanalo 
of K2, wat omtrent ’n driekwartmyl suid-wes van Mapungubwe 
lt\ is lank voor die konis van die suidwaarts bewegende 
Bantoehordes deur Hottentotte bewoon. *n Deel van die 
bewoners van K2 het nie vir die Bantoes gevlug nie, maar het 
hulle onderwerp en met die veroweraars ondertrou. Gevolglik 
is die skedels wat op bcide koppies gevind is die van Hottentotte 
wat met Bantoes veibaster het. 

Dr. van Hoepeii (1939) het in die Lydenburgse distrik 
bouvnlle ondersoek wat sekere kenmerke met Zimbabwe gemeen 
het en wat volgens hoin deur die Bapedi gebou is. Dit bring 
bom tot die gevolgtrekking : — ,, At all events Zimbabwe then 
represents the climax of the Bantu stone building culture of 
which it was the highest developed centre.” 

As gevolg van die Hottentotagtige geraamtes van 
Mapungubwe, en die Zimbabwekultuur wat daur aangetref word, 
se Dr. van Hoepen: ,, We can only conclude, that the Zimbabwe 
type of structure was originally built b^ a Hottentot race or 
a race of Hottentot descent. It was apparently from this race 
that the South African Bantu (Negro) took over the method of 
building with stone.” 

As die Hottentotte die oorspronklike bouers van die 
Ziinbabwestruktuur was, sou 'n mens by hulle woonplekke, 
voordat hulle in kontak met die Bantoe gekom het, sulke 
bouwerke verw’ag. Te Mapungubwe is die mure egter van ruwe 
klip wat in geen opsig verwantskap met Zimbabwe vertoon nie. 
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pie Zimbabwekultuur wat daar aangetref is, is volgens Schofield 
daarheen deur Bantoes gebring, t.w. Sothos, maar het hoin nie 
in boustyl ontplooi nie. Dis dus baie oiiwaarskynlik dat die 
Hottentotte die leermeesters van die Bantoe kon gewees het. 

Dr. Hoffman (1942) merk i.v.m. hierdie teorie, nl., dat die 
Hottentotte die leermeesters van die Bantoe sou gewees het, 
die volgende op: . .van wat ck persoonlik van die 

bouwerke (die ZimbabweruTnes in Suid-Rhodesie) ,, gesien het, 
is dit niters moeilik om uit te maak dat twee sulke uiteenlopende 
rasse ** (nl., die Hottentotte en die Bantoes) ,, daaraau kon 
gebou het. Veral wat Groot-Zimbabwe betref, is daar aan die 
klipmure heelseker geen twee of drie kiilture uit te inaak nie. 
My opinie is dat die Bantoes Groot-Zimbabwe gebou het en 
dat hulle alleen daarvoor verantwoordelik gehou moet word.’' 

Kaptein Gardner (1942) beskou die Zimbabwes ook as 
,,. . . .the highest achievements of the Bantu people who had 
perhaps cultural contact with east coast Arabs.’* Hierdie 
veronderstelling dat die bouers van Zimbabwe onder Arabiese 
invloed gestaan het, word aan die einde van die artikel weer 
in verband gebring met die Balemba, die ambagsmanne onder 
die Bawenda. Laat ons nou eers nagaan welke kontakte die 
Bawenda met Zimbabwe gehad het. 

Die Bawenda. 

Volgens Schofield (1937) was die Bawenda saam met die 
Rozwi in none voeling met die Shonas wat Zimbabwe bewoon 
het. Soos reeds aangehaal meen Stuyt (1931) dat die monoliete 
wat die Bawenda op die mure by die ingange van hulle statte 
inplant, falliese klippe is, in nabootsing van die wat te Zimbabwe 
gevind word. Ook die keelvormige klippie op die plaas Nakab 
in Wendaland opgetel, vertoon ooreenkoms met die falliese 
voorwerpies wat te Zimbabwe gevind is. Caton -Thompson 
(1981) het to Zimbabwe dobbelsteentjies uitgegrawe wat net 
soos di^ lyk wat deur Bawenda-dolosgooiers gebruik word. Dit 
lei Stayt tot die ge volgtrekking : ,, T am inclined to believe 

that the use of the dice has originated in the Zimbabwe area 
and is associated with the old Zimbabwe culture.'* Ook sien 
hy *n ooreenkoms tussen die Bawenda toorbakkie (,, divining 
bowl ”), wat binne in met houtsneewerk versier is, en die 
versierde bak wat deur Bent in ’n grot, tien inyl van Zimbabwe 
af, gevind is. 

Volgens Stayt stem die tegniek waarvolgens die Wenda- 
bouvalle van Dzata gebou is, baie ooreen met die van Zimbabwe. 

Op die ,, Vhauliingu ha Madi " wat onder die Bawenda 
voorkom en wat ook Jeur Caton-Thompson te Zimbabwe gevind 
is, is al gewys. 

Na analogie van die voorgaande is ons geregverdig om aan 
te neem dat die voorvaders van die Sotho-Wendavolke van 
Soutpansberg die bewoners van Zimbabwe was. Maar, was 
hulle ook die bouers? 
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Met haar opgrawingswerk te Zimbabwe het mej. Caton* 
Thompson 'n baie interessante verskynsel teSgekom. Iq laag 8, 
onder die sementvloer en gelyk met die fondamente van die 
mure het sy ’n groot hoeveelheid kleipotskerwe uitgegrawe wat 
deur haar klas-A genoem word. Sy is die sienswyse toegedaan 
dat dit daar voor of tydens die bouperiode van die mure gelaat 
is, en dat dit van kleipotte afkomstig is wat aan die touers 
van Zimbabwe behoort het. Sy beskryf dit as volg: . .a 

coarse redbrown to dark grey handmade ware, gritty wi^ quartz 
particles and badly fired: the rims have a flat overturned lip 
. . . .and they are sometimes decorated with diagonal or other 
arrangements of shallow square or round impressions in the wet 
clay.” 

Bo-op die sementvloer het sy ander soort skerwe gevind wat 
sy klas-B noem. Dis van ’n fyner en beter gehalte as klas-A. 
Dit laat haar die gevolgtrekking maak dat die bouers van 
Zimbabwe nie die bewoners was nie. Omdat klas-A van 'n 
swakker gehalte is, sou die bouers die slawe van die bewonende 
Siam gewees het. 

Schofield (1942) meen dat hierdie soort kleipotte gemaak is 
deur die pre-Sotho bewoners van suidelike Ehodesie. Wells 
(1935) het in verband daarmee aangetoon dat , , except that its 
decorative techniques are similar to those later employed on 
Bantu pottery, class A has no distinctively Bantu features .... 
on the other hand, class A pottery has no direct affinities with 
Hottentot pottery. Its origin remains at present obscure.” 
Volgens Caton -Thompson moes die wat te Zimbabw’e gevind is 
tussen die 8e en He eeue gemaak gewees het. 

Kleipotskerwe wat onlangs met die aanbou van nuwe 
klaskamers op die skoolgronde van Happy Rest skoolplaas aan 
die suidelike voet van Soutpansberg in Wendaland uitgegrawe 
is, werp lig op hierdie probleem. 'n Groot aantal daarvan het 
dieselfde versiersels op as die klas-A skerwe van Caton-Thompson 
en die van die rotsskuilings te Gokomere 10 myl noord van 
Fort Victoria, wat deur Wells en Schofield (1940) beskryf is. 
(Vergelyk bygaande tekeninge van 'n paar met di4 van Gokomere 
en Zimbabwe), 'n Mens twyfel nie daaraan nie, dat almal deur 
dieselfde ras gemaak is, miskien in verskillende tydperkc. 

Volgens Bantoe-oorlewering was op die terrein waar die 
skoolgeboue staan baie lank gelede 'n Bawendastat onder die 
hoofman Matokoma. 'Ons het dus hier met Wendakleipotte le 
doen. Kleipotte onder die Bawenda word egter vandag hoof- 
saaklik deur die vroue van die Balemba gemaak. Daarom is 
Wendapotte, soos deur Schofield (1942) ook aangetoon, eintlih 
Lembawerk. 

Die Balemba is Bantoes met Semitiese gewoontes en 
gelaatstrekke, wat volgens Junod (1908), Stayt (1981) en Van 
Warmelo (1985) met Arabiere verbaster is. Hulle wooh in 
aparte statte Bonder 'n eie opperhoof oral tussen die Bantoe- 
Btamme vanaf die Sambesie tot in die Pietersburgse distrik. 



’N 80UTPAK8BBB08B ZIMBABWB. 


817 


Volgens Junod (1908) het die Balemba die kuns van 
znetaalbewerking en pottebakkery onder die verskillende stamme 
waar hulle gaan woon het, *n groot stoot vorentoe gegee. Volgens 
verskillende Wenda-informante het die Balemba ^e pottebak- 
kerskuns en die kuns van metaalbewerking, hoofsaaklik koper 
en yster, onder die Bawenda ingevoer, en aan hulle geleer. 

Stukke 8lak le oral op die skoolgronde van Happy Best 
rond, en 20 tree van die plek af waar die klas-A skerwe 
Uitgegrawe is, het ek langs die watervoor ’n beskadigde smelt- 
oond oopgegrawe. Daaruit is ’n stuk silindervormigo blaaspyp 
van 11 duim lengte en baie stukke slak gehaal. Dit dui op 
die teenwoordigheid van Lembasmede of Lembamvloed onder die 
Bawenda van Happy Best. Volgens Dr. Van Warmelo is daar 
in die distrik Victoria naby Gokomere ook 'n kolonie Balemba. 

Dis dus hoogswaarskynlik dat die Balemba die vervaardigers 
van die kleipotte is, waarvan die klas-A skerwe aan die voet 
van Soutpansberg, te Gokomere en by Zimbabwe uitgegrawe 
is. As dit so is dan was hulle, die ambagsmanne onder die 
Bantoes, die s.g. slawe van Caton-Thompson, ook die bouers van 
Zimbabwe. 

Maar hulle was dan die meester-pottebakkers onder die 
Bawenda. Hoe verklaar ons die swak gehalte van die skerwe 
by Zimbabwe ? Dit kan aan swak klei, verwering weens oudheid 
en nie aan swak tegniek toegeskrywe word nie. ’n Aantal van 
die klas-A skerwe van Happy Best is sterk en andere wat diep 
onder die grond uitkom, meer verweer. 

As gevolg van die verwantskap met Groot-Zimbabwe kan ons 
aanneem dat Machemma en al die ander in-bousiyl-verwante 
bouvalle in Bhodesie ook deur die Balemba vir die bewoneiide 
Bantoestamme gebou is, en dat Arabiese invloed, wat deur 
kaptein Gardner en andere veronderstel word, in die Balemba 
gesoek moet word. 

Dankbetuiging. 

Graag wil die skrywer vir prof, van Biet Lowe en mnr. 
B. D. Malan van die Argeologieso Buro bedank vir hulle 
voortdurende hulp d.m.v. briewe en pamflette, en vir prof. 
Fouch4 en prof. C. J. Uys vir hulle opregte belangstelling. 

BEFEBENCES. 

(*) Caton-Thompson, G. : ** The Zimbabwe Culture.** Clarendon 

Press, Oxford (1931). 

(•) Dicks, B. H. : “ The Bush Speaks.*’ Shuter & Shooter, Pieter- 
maritzburg (1936). 

(•) Fovore, Prof. Leo. : “ Mapungubwe.** University Press, Cam- 
bridge (1937). 

(*) Gardner, Capt. G. A. : The Friend^ Bloemfontein. (Aug. 27 
1942). 

(*) Hoffman, Dr. A. G. : Suid-Afrika voor die koms van die Wit- 
man.” In IHs Volh (11 Sept. 1942). 

C) Junod, H. A. : ** The Balemba of the Zoutpansberg.” Folklore 
(1908). 



818 SOUTH AFRICAN JOURNAL OF SCIENCE. 

(0 Schofield, J. F. : A Preliminary Study of the Pottei^ of the 
Bantu tribes of South Africa.” This Journal, 89 : 256-281. 

(*) Statt, H. a. : Notes on the Balemba.” BoyalAnthrop.lnst^Journ, 
(1931). 

— ” The Ba Venda.” Oxford University Press (1931). 

(•) Van Hoepen, TR. en Hoffman, A. C. : ” Die oorblyfsels van Buis- 

S oort en Braklaagte Noordwes van Zeenist.” Argeologiese 
favorsing van die ^asionale Museum, Bloemfontein (1936). 

(^®) Van Hoepen, TR. : ” A Pre-European Bantu Culture in the 
Lydenburg district.” Arg,Narors.v.d.Nas,Mus,, Bloemfontein 
(1939). 

(") Van Warmeta), N. J. : ” A preliminary survey of the Bantu tribes 
of South Africa.” Die Staatsdrukker, Pretoria (1935). 

(”) Wells, L. H. Schofield, J. P. and Gardner, T. : ” The Recent 
Archmlogy of Gokomere, Southern Rhodesia.” Trans,Boy»Soe,of 
8,Afr. (1940). 

(”) Wells, L. H. : ” Ceramics in South Africa.” Anais da Faculdade 
de Ci^ncias do Porto (19%). 

PORTRETTE. 

No. 1. — ^Die waarskynlike hoofingang vanaf die westekant geneem, met 
die regopstaande monoliet in die middel. 

No. 2. — Die oostelike Platform 'O vanaf die westekant geneem. 

No. 3. — Die Keelvormige torinkie vanaf die suidekant geneem. 

No. 4. — ^Lae afwisselende swart en wit klii^e in die westelike muur by a. 
’n Dergelike patroon kom by Zimbabwe ook voor. Op die 
voorgrond is die muurtjie van die terrassie F herkenbaar. 

No. 6. — Die visgraatpatroon by b wat gedeeltelik met losgrond bedek 
was. 

No. 6. — ’n ” Girdle ” — patroon by c. Die paar skuinsliggende klip- 
pies vorm die patroon. 

No. 7. — 'n ” Chessboard ” — patroon by e aan die suidekant binne die 
sirkelvormige muur. 
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BANTOE LANDBOUTERIIASSE NOOED EN SUID VAN 

BLOUBEEG 

DEUR 

J. B. DB Vaal. 


Gclces SOatc Junie 1943, 


Op die plase Olenferness, The Glen en Witstein, wat direk 
noord van Blouherg langs niekaar van oos na wes strek, het 
ek met twee verskillende geleenthede terrasse ondersoek. Mnr. 
P. C. Potgieter van Kalkoven het die op Olenferness in 1941 
aaii my gaan wys en Mnr. T. J. Vofster van Goedgedacht was 
vanjaar saam met my na The Glen en Witstein. Vorster is 
egter die ontdekker daarvan en sy vriend Potgieter was net met 
’ll vorige geleentheid saam mot horn by die op Olenferness. 

Bie terrasse op Olenferness kom voor op ’n uitloper van 
Blouberg, ’n beboste klipperige randjie wat van noord na suid 
strek. Klippe van die omgewing is langs die hoogtelyne van 
die heuwel aan die westelike helling in twee rye, vanaf twee 
tot vier voet ewe wy dig aan mekaar gepak. Die tussenruimte 
is met los klippies opgevul, sodat min of meer parallelle 
niuurtjies gevorm is. Slegs op een pick het ek twee gesien 
w'at geleidelik na mekaar toe loop en uiteindelik by mekaar 
aunsluit. Op *n ander pick is daar twee dwars muurtjies wat 
twee van die langes reghoekig vefbind. Net ’n enkele laag klippe 
steek by iedere muurtjie omtrent ses duim bokant die grond- 
oppervlakte nit. 

Omdat die muurtjies op sommige plekke toegespoel is, en 
omdat die terrein dig begroei is met borne, is dit moeilik om 
dit oor ’n hele afstand met die oog te volg teneinde ’n geheel- 
indruk van die omvang daarvan te vorm. Ek het een daarvan 
vir sow at honderd-en-vyftig tree gevolg tot waar dit wegraak. 

Daar is vier-en-veertig opeenvolgende muurtjies getel. Maar 
dis nie oordrewe om te se dat daar omtrent ’n honderd voorkom 
nie. 0ns het die afstand tussen sewe-en-twintig vanaf die middel 
na boontoe gemeet, waarvan die volgende die afnietings is : 15vt. 
llvt. 5dm., llvt. 2dm., llvt. 8dm., 17vt., 14vt. 6dm., 9vt. 
lOvt. 9dm., 12vt., 7vt. 7dm., 9vt. 1dm., llvt. 4dm., llvt. lldm. 
7vt. lldm., llvt. 2dm., 8vt., 8vt. 4dm., 8vt. 10dm., 9vt. 
18vt. tSdm., 18vt. 3dm., 17vt. 5dm., 12vt. 10 dm., 15vt. 9dm. 
15vt. Bdm., 12vt. 9dm.. 18vt. 2dm. Die dikte van die muurtjies 
is bygetel. 

Oor ’n totale afstand van 109 jnarts 2 voet 4 duim, kom 
daar dus 27 terrasmuurtjies voor. Hoerop in die heiiw’el kom 
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daar nog root, sodat ons dit, met gebroke tussenruimtes oor 'n 
breedte van sowat agthonderd tred vanaf die voet verspreid gevind 
bet. 

Op party plekke, suid van die muurtjies in dieseUde lyn 
daarmee, is daar sirkelvormige muurtjies wat ook net uit een 
laag klippe bestaan. Die grootte van die aldus gevormde sirkel 
is omtrent di6 van *n natufellehut. Op verskeie plekke teen 
die randjie kom ronde gate, wat gedeeltelik toegevai bet, in die 
grond voor. In sommige staan borne wat sekerlik al baie oud is. 

Wes van bierdie randjie, ewewydig daarmee en geskei deur 
'n vlei, is *n ander een op The Glen, waarop daar ook terrasse 
voorkom. Die muurtjies is in die meeste gevalle ook net een 
klip hoog. Baie daarvan is toegespoel of -gewaai. Ook bier 
kom verskeie ronde gate voor wat gedeeltelik toegevai is. 

Vier niyl verder wes, op die plaas Witstein, is daar oor 
'n afstaiid van omtrent 'n myl en *n half aan die voet van 
die berg honderde terrasse. Met uitsondering van ’n paar wat 
bymekaar aansluit, is almal min of nieer ewewydig. Ook is dam* 
op verskeie plekke dwars muurtjies wat van die terrasse verdeel. 

Die lengtes van twee muurtjies is 50 en 75 tree respek- 
tiewelik. Dit beteken egter nie dat slegs sulke bfee stroke teen 
die berg ui t-ge terra sseer was nie. Die miinrlengtes breek 
af en *n endjie verder ontdek *n mens tiissen die gras, struike 
en borne weer *n ander een. In teenstelling met die voriges 
is party van bierdie tefrasmuurtjies met verskillende lae klip 
tot twee voet hoog gepak. Dis tussen een en drie voet breed. 

Op plekke waar baie klippe in die omgewmg voorkom is 
die muurtjies nuby mokaar, maar waar minder klippe is, is 
bulle verder weg. Die afstande tussen 22 opeenvolgendes is as 
volg: 25, 21, 24, 26, 30, 27, 22, 21, 18, 19, 32, 40, 14, 21, 
22, 62, 38, 65, 42, 16 en 17 voet. 

Op bierdie plek waar die afmetings gedoen is bet ons laiigs 
een van die muurtjies 'n uitgeholde gladgeskuurde Bantoe- 
inaalklip gevind, en ’n klein endjie daarvandaan 'n vryfklip 
en *n paar stukkies kleipotskerwe sender versiersels duarop. 
Aan die geaardbeid van die omgewing en die opgetelde 
voorwerpo geoordeel, lyk dit of daar 'n Bantoestat was. (xeen 
moete ^van butte of misbope van veekrale kon egter gevind ord 
nie. 

Mnr. Vorster bet aan my meegedeel dat by verder ues op 
*11 ander plaas ook eenkeer baie terrasse gesien bet. Ongelukkig 
bet die tyd ons nie toegelaat om daaraan ook *n besoek te 
bring nie. Hoewel ondersook slegs op drie plekke ingest el is, 
kom die terrasse volgens die ontdekker feitlik onafgebfoke vir 
myle teen die berg voor. 

Ook aan die suidelike en suid-westelike kant van Blouberg 
word dit aangetref. Mnr. J. H. Cloete, *n prokureur op 
Glocolan, O.V.S., wat suid van Blouberg grond besit (en iedere 
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wintervakansie daarheen gaan), het aan my die volgeude 
interessaiite mcdedeiing gemnak: teirasse kom baie voor 

op die plase The Park en Leipzig, suid aan Blouberg en aan die 
n(X)rdekant waar ek ’n ou kafTer in Desembei, 1923, nog self 
geaien werk het in sy armoedige terraslandjie, op die plaas 
Varedig meen ek. Ek het oor die berg na Leipzig geloop en die 
honderde terrasse tot hoog op die berg gesien.” 

*11 Ou kaflfer wat noord van Blouberg woon, het aan mnr, 
Vorster meegedeel dat al daardie terrassies baie lank gelede deur 
hulle voorvaders, wat daar in die berg gewoon het, gernaak is. 
Hulle het daarin gepik en gesaai. Oiii beskerm te wees teen 
vyande het linlle in 'n t.>dperk toe Bantoewtrooptogte aan die 
orde van die dag was, so ver as moontUk in die berg gew^oon. 
Teneinde hulle lande te beskerm, waarvan hulle bestaan afgehang 
het, moes dit naby hulle wees. Hy vertel ook dat hulle lande 
beter beveilig w’as teen groot troppe olifante wat die vlakte bo 
die bergwereld verkies het. 

Volgens die mededeling van die ou naturel, die voorw'erpe 
wat by die tc*rras'^e opgetel is, en van w'jit imn. Cloete seif gesien 
bet, bet ons hier met Bunloewerk te doen. 

Flierdie terrasse word nie meer gebruik nie. l)is baie ruig 
begioei en skep alleenlik die indruk dat die ineeste daarvan baie 
lank gelede in onbruik geraak het. ’n Paar in\l daarvandjian, 
die vrugbaarder turfagtige vlakte in, is daar katferstatte en lande. 

' Dit moes ’n gioot Bantoebevolking geweos liet wat daar 
gewoon het, w^ant die boeveelheid w’efk w’at met die pak van 
(lie terrasse deur mensehande gedoen is, is ontsettcnd. Die stryd 
om te bestaan het dit egter noodsaaklik gernaak. 

Malaboch, die kaptein van die baXanwana het sy lioofstat 
op die westelike punt van Blouberg. Onder sy gesag val daar 
ook nog die inaTebele, die baTJokw^a, baTau en baBirw^a. 
Volgens Dr. van Warnielo (198.>) vertoon die baTlokwa verwant- 

bkap met die Bawenda, veral w^at hulle taal betref. Die 

baXanwana w’eer is volgens tradisie van Tsw^ana oorsprong. 

Volgens oorlewering is die terrasse noord en suid van 
Blouberg dus vir landboudoeleindes in *n pre-Kuropese tydperk 
deur Bantf.es gernaak, waarskynlik deur een van die .'Mmme 
onder Malaboch, wat vandag nog daar naby woon. 

Ander Plekke in SriDELiKE Afrik\ Waar Terrasse V(»orkom. 

Volgens l{andall-Mel\er (UK)6) kom daar in die Iinanga- 
distrik in Suid-Rhodesie teen die heinvels ook uitgebreide 

klipmuiirtjies voor,. wat deur horn ,,the vastest series of 

entrenchment lines to be found anywheie in the world,” genoeni 
w’ord. Drs. van Hoepen (1939) en Erobenius (1931) het 
aangetoon dat dit niks anders as landbou terrasse was nie. Die 
grond tussen die mure het net met vefloop van jare weggespoel. 
Die Bloubergterrasse staaf hierdie bevinding en vorm met dii 
van Inyanga in omvang ’n parallel. 
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Dr. van Hoepen (1939) het hi die Lydenburgse distrik ook 
terrasse gevind, wat vogens horn deur die voorvaders van die 
Bapedi gemaak moes gewees het. 

Daar dien egter op gewys te word dat daar terrasse in 
Soutpansberg is wat vir woondoeleindes gebruik is en nog 
gebruik word. 

Die Bawenda-opperhoof, Katse-Katse, wat vir die ver- 
woesting van die Voortrekkerdorp Schoemansdal (1848-1867) 
verantwoordelik was, het hoog teen Soutpansberg aan die voet 
van loodregte kfanse gewoon, ’n klein endjie bokant die skool- 
geboue van Happy Best skoolplaas. Die berg is hier so steil 
dat terrasse noodgedwonge gebou moes word, teneinde 'n gelyke 
staanplek vir die hiitte te kry. Die moete van hutte is vandag 
nog daar te sien. Op een plek is daar vier opeenvolgende 
terrasse. Die laaste een eindig teen 'n kfans. Die afsonderlike 
terrasse is van mekaar atgesluit deur klipmuurtjies van omtrent 
vier voet hoogte. Kleipotskerwe le oral rond. 

Pater Joaquimi de Santa Bita Montanha, ’n Portugese 
priester en afgevaardigde \an Inhambane na Schoemansdal, het 
die feis in 1855 te voet ufgele. Dit word deur Joseph Macqueen 
(1862) in *n verkorte weergawe van die oorspronklike reisverhaal 
van de Montanha beskryf. Toe hulle oor die Taverivier gaan, 
het die geselskap in *n staat Fera gekom: ,,In Fera they found 
a large town built on a mountain, the dwellings in rows or 
terraces rising one above tlie other.” Fera word deur Macqueen. 
op *n sketskaartjie aangegee as *n berg suid van die Limpoporivier 
en noord-oos van Schoemansdal. Die Afrikaanse vertaling van 
de Montanha se oorspronklike reisverslag (1855) lui as volg: 

. . 'n Bietjie verder het ons by die kraal van kaptein Mucia 
Fera gekom, styf teen 'n koppie of berg, 'n gfoot kafferdorp 
met bale volk te oordeel aan die baie strooihuise op die kant 
van die koppie die een bo die ander teen die berg.” Dit is 
dus volgens die Afrikaanse vertaling nie duidelik of die heuwel 
geterrasseer was nie. 

Die teenswoordige Bawenda-opperhoof, Mashau, wat teen 
Mashaukop woon, se butte staan ook op terfasse. 

Volgens van Hoepen (1939) maak Schwellnus melding van 
terrasse teen heuwels langs die Selatirivier, en Frobenius (1931) 
vermeld terrasse en ou watervore wat by op verskeie plase in 
Soutpansberg gevind het, Hy se egter nie wuar dat die terrasse 
is nie. 

Dis duidelik dat terrasse deur die Bantoes vir woon- 
sowel as landboudoeleindes gebruik is. Vir eersgenoemde doel 
was hulle natuurlik baie kleiner. 

Hierdie drie groepe landbouterrasse, t.w., die te Blouberg, 
Inyanga en Lydenburg dui ’n kultuurverwantskap tussen die 
makers daarvan aan. Die bouers van die Lydenburgse en 
Bloubergse terrasse is Bantoes, gevolglik is ons geregverdig om 
aan te neem dat die te Inyanga ook Bantoewerk is. 
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masarwa engraved egg-shell 

(In the Collection of the F. S. Malan Museum, Fort Hare.) 

BY 

Dr. a. J. D. Meiring, 

Hon. Curator. 

With Illustrations. 


Head 29ih June, 1943. 


The tracings are from an ostrich egg-shell collected by Mr. 
G. 1. M. Mzamane. The only information he received was 
that it was of MaSaiwa origin, made b\ these Bushmen herders 
who herd cattle in the Game lie8er\e, and was used lor storing 
water. It was presented by Chief Tshekedi, at Serowe. The 
black material filling the incised lines was simply referred to 
as “paint.** 

The incisions have been cleanly cut and very few wrong 
cuts were made. All the engravings except the flexed central 
young gemsbok, have been built up by a series of parallel strokes 
with the curves apparently added afterwards, the result being 
extremely graceful and naturalistic figures easily indentiflable, 
except the one animal between the gemsbok and blue wildebeest, 
which seems to be a zebra or a horse as a inune is apparently 
indicated. 

It is hoped that there will be another opportunity for collecting 
some more of these interesting eugru\ed egg-shells for 
comparison and study 
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MIDDLE STONE AGE TYPES FROM BEDFORDVIEW. 

BY 

John Harcus. 


With Text- figure. 
Read 28ih Jvne, 1943. 


Abstract. 

The artifacts found in the flat plain north of and below 
Primrose Ridge — east of Johannesburg — are of yellowish brown 
(juartzite and nearly all (99 per cent.) large. The following are 
shown below : — 

No. (Fig.) 4. Large cleaver, glossy, no colour patina, 
guillotine diagonal cutting edge, 6Jin. x 4in. x 2in. (from clay- 
pit at brickfields). 

No. (Fig.) 5. Pointed biface, fine working, Gin. x3fin. x l^in. 
Inst inch of point only ^in. thick. 

No. (Fig.) 0. Elliptical coup de poing or bifuce type, three 
well-shaped ovals, about Gin. x3in. x IJin., one heavily weathered. 

No. (Fig.) 9. Fine core, 4in. x 3in. x IJin., finely flaked, 
perfect patina. 

No. 13 (Fig. ?) Unique cylindrical fabricator, beater oi* 
mallet. 

No. (Fig.) 16. Biface type (2), 3in. x2^in. xfin., wavy edges, 
completely worked. 

No. (Fig.) 18. Massive side scraper or point, 3Jin. xljin., 
high keeled. 

Other Artifacts are as follows: — ^No. 1, massive boat-shaped 
quartzite core, 9in. xSin. x2iin. ; No. 2, heavy and rugged oval quartz 
core, x5in. x2|in. ; No. 3, large spheroidal hammer-stone, 3iin. 
diameter; No. 7, c'rude biface type — ^two coarsely flaked, one with 
rounded point, the other with sharp point, 5in.x^in. ; No. 8, crude 
biface, two, with matrix on one side, 5in. and 4iin. respectively; 
No. 11, cleaver, coarse material and workmanship, 4in. x3in. xl^in. * 
No. 12, crude point or pike-hoad on flake, butt and point damaged 
and restored, 4in. xl^in. xl^in. ; No. 14, duckbill end-scrapers, rounded 
one end, 2in. xl^in. xfin. ; No. 15, two scrapers, tomahawk shape, 
2iin.x2in.xfin. (Kombewa type?); No. 17, coup de ^ing, 3fin., 
matrix both sides, two wavy edges, bold workmanship; No. 19, four 
borer points, varied material, diameters from 2fin. to lin. ; No. 20, 
spoon-like flakes, one unpat inated, one weathered, with glossy 
sunbaking on side, Sfin. xlin. xfin. 
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The remaining small fragments show work on fine blades 
in chert, quartz, etc., of Middle Stone Age with one or two small 
cores and two fragmentary n'Kewe in soft shale, 3iu. diameter. 

Note. — Owing to further excavation on the Primrose Ridge itself 
and large recent disclosures of artifacts, luy preliminary notice of the 
work done there has become inadequate and is withdrawn from publi- 
cation. A full account of the results will shortly appear. 
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UNIQUE LARGE BLADES IN PIETERSBURG CULTURE 

BY 

John Harcus. 

With Text-figure. 


Head '^9th June, 1943. 


The following large blades from the Northern Transvaal 
display novel features. 

Group No. 1 appear to be a type of saw. Four speciniens 
average dins, long, 2}in8. wide at the butt, |ins. thick at the 
bulb of percussion, but reduced to an average of ^in. on the 
actual blade. They are boldly serrated along both edges, 
and all are slightly strangulate. (Tw’o others from the 
same area are in the Bureau of Archaeology.) Their rectangular 
shape and square cut ends (with no point) and bold serrations, 
suggest that their probable function was to saw, to cut through 
bone or branch. Plate C No. c illustrates this set of four 
specimens. 

The second group of saws are of a smaller type and consists 
of two irregular flakes, alike only in each having two boldly 
serrated cutting edges. All six saws are in felsite, the first 
group heavily patinated to a rich pink, the two smaller in the 
natural liver-coloured felsite (Nos. D and E in Plate C illustrate 
this pair). In all cases, a thumb-rest flake has been taken off 
the top face at the butt or holding end. Recently a mass of 
matenal brought in by the Abbe Breuil and Professor van Riet 
Lowe from the same area contained similar specimens. 

In July, 1942, in the Reed Donga, near Naboorn, I dug 
out a long thin curved blade in felsite. The shape, the butt-end 
reduced by flaking to give a thumb-hold, and the sweeping 
curved inside edge nicely step-dressed, seems to justify the name 
of sickly. This specimen lacked iin. of its point which is 
restored in Plate C Item A. Item B shows another less entire 
specimen recovered from the same area some years ago. I found 
another in the Halusbury Donga in September, 1942. Of the 
three, the first one mentioned, Tins, long, and perfect except 
for the missing ^in., confirmed my previous suspicion as to their 
itse. The sickle suggestion does not postulate cultivation : 
anyone who has tried to pull grass for bedding on trek, will 
appreciate the value of such a tool. 

Plate C item F shows the shape only of a flat-bottomed 
high-butted tool with a flat-sloped face on the low'er left hand 
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side. Where the flat-bottomed and tlie flat-sloped faces meet» 
chipping damage has taken place, similar to that suffered by a 
bteel plane when misused by the inexperienced. There are two 
of these, both with glossy under-sides as if in their use as 
bcrapers but in a kind of planing motion they had been worn 
smooth on the surfaces and suffered chipping on the fore-edge. 

A further unique find is the squat cylinder 2fin8. diameter 
tmd l|ins. high found at Bedfordview three years ago. (Plate 
B item ?). The periphery is strangulate as if a thong had been 
twisted around it, and the pecked and slightly hollowed top 
and undersides suggest that it may have been n kind of beater 
or crusher for herbs or grain. A smaller specimen of this model 
2ins. x^in. in a granular volcanic material, was left in my care 
by a friend who found it in Uganda. 

This is also strangulate, pecked and slightly hollowed on top 
and bottom. These three peculiar shapes, saws, sickles and 
beaters, are described in the hope ot arousing discussion if 
similar specimens have been found by other collectors 



Plate C. 
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A FURTHEB NOTE ON THE HEEBENLOGEMENT AND 
ITS VISITORS 

BY 

PsROivAL B. Kirby. 

With 2 Text-figures, 


Read 29th June, 1943. 

In my paper on “ The Heerenlogement and its Visitors/* 
which I read before Section E of this Association on 30th June, 
1941, I emphasised the fact that I visited the cave in order to 
determine whether Dr. Andrew Smith, the famous surgeon- 
naturalist, who visited the spot in 1828, had engraved or painted 
his name upon the rock after the manner of previous visitors. 

But although I returned from my expedition with a list of 
over 170 names, I was unable, in spite of the most diligent search, 
to discover that of Andrew Smith. 

On 2nd March of this year, however, I received a letter 
from Dr. Keppel H. Barnard, acting Director of the South 
African Museum, in which he informed me that the Mountain 
Club of South Africa had recently obtained from the bi*other 
of one of its former members the diary of their father, Williahi 
Mann, who was under Sir Thomas Maclear at the Cape 
Observatory, and also the manuscript of a letter to his mother. 

Mann left the Observatory on 2nd January, 1843, to help 
Maclear to verify and extend La Caille*8 arc of meridian. He 
had with him Dr. Wallich, the celebrated botanist (“ who is on 
a visit to the Cape from India . . .**). 

He arrived at the Heerenlogementberg on 20th January. In the 
letter to his mother he wrote: “ Visited a kind of cave at the foot 
of the mountain, upon the sides of which w’^ere inscribed numerous 
names and devices, jthe handiwork of the scores of travellers who 
have passed this spot; why such great affection should be shown 
for this particular place I am at a loss to conceive, but, however, 
since w^at everybody does must be right and proper, I followed 
the good example and left my mark there also. Amongst the 
names, some of which are dated as far back as 1712, I observed 
those of old Le Vaillant, the French traveller and naturalist; of 
Sir J. Alexander, Dr. Smith, etc., ’etc.” 

And in the diary we read: ” The rock is covered with names, 
Dutch and English. I copied some of them with the earliest 
dates, and was much pleased at seeing the name of Le Vailant, 
the traveller — Sir J. Alexander also figures away — Dr. Smith’s 
name is inscribed close under Le Vailant’s— but chisel’d in prob- 
ably by some other hand than the Dr.*s *' 
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And at this point in the diary there is a page of the names 
copied by Mann, of which Dr. Barnard sent me a rough tracing. 
This tracing shows clearly the position of Smith’s name under Le 
Vaillant’s, but without a date, as well as the drawing of the 
elephant under the name of Caspar Hemery, 1712 ; but Mann 
does not indicate where he inscribed his own, and 1 did not see 
it when 1 examined the cave. 

Dr. Barnard, however, thought that he could trace the T of 
Smith’s name on the photograph reproduced as Plate 5B of my 
1941 paper, and suggested that the preceding letters had been 
obliterated and the H written over by one of the Nieuwoudts. 

I have examined a photographic print of the portion of the 
rock, on which the names are engraved, with great care, and 
sometimes I feel convinced that the lens reveals the name of 
Smith, and at others I am not so sure. 

But in any case the new facts have compelled me to correct 
the entry concerning I. H. Nieuwoudt, which I placed under the 
date 1800. The name Nieuwoudt, which is common in the neigh- 
bourhood of Klaver, was certainly added subsequent to the visit 
of Andrew Smith in 1828. The date 1800 must therefore be 
wrong. 

One more point remains. The fact that we now have 
definite evidence that at least four visitors to the cave engraved 
or painted their names on the rock face, which names are not 
recognisable to-day, adds weight to the suggestion which I made 
in 1941 that more than one inscription had been erased, and had 
here and there been replaced by new ones. 
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HEALTH SERVICES AS PART OF A SOCIAL 
SECURITY PLAN 

BY 

Dr. J. II. Harvey Pirie. 
nead 29th June, 1943. 


My task in presenting this contribution is comparatively 
easy. Although it is presented purely in a personal capacity, I 
have been so closely associated with the Planning Committee of 
the Medical Association of South Africa (B.M.A.) during the 
past two years that my views may be taken as representing the 
opinion of a very considerable nuniber of the medical practi- 
tioners of South Africa. 

Where I write “ we I am expressing opinions already 
agreed upon by the Association either in the form of evidence 
which has been presented to the National Health Services Com- 
mission and is public property, or will be presented as further 
evidence. When dealing with aspects upon which the Associa- 
tion has not yet finally made up its mind, or which it may not 
have considered, I write in the first person singular. 

In opening our preliminary evidence we began with a state- 
ment to this effect: — The mere provision of more “ doctoring ” 
is no solution of the health problem of the country. Important 
and necessary as that may be, particularly for certain sections 
of the community, to begin with that alone, is tackling the 
problem from the wrong end. There must at the same time be 
a fundamental cutting at the roots of ill health — prevention must 
be the basic principle of a health service. Freedom from want 
and poverty will do more to build up a healthy community than 
any amount of curative medical services. 

We realise that the provision of even adequate curative 
services is to-day a difficult economic problem. Owing to tech- 
nical advances in medical services (complex laboratory diagnos- 
tic and therapeutic procedures, surgical operative technique, 
hospitalisation, etc.) such services have frankly become too 
expensive a commodity for about 80 per cent, of the population 
to buy, and there is no going back on this. 

To meet this position, there is a demand from the public, 
becoming more and more clamant, for a “ State Medical Ser- 
vice.** We fear that the Clovernment may offer them a sop by 



888 


SOUTH AFRICAN JOURNAL OP SCIENCE. 


setting up such a curative service only, putting aside the 
admittedly more difficult task of dealing with social security 
as a whole — an entity of which a Health Service should be a 
part. 

Such action would not have our willing co-operation. 

In the past the medical profession lias sometimes (and, I 
fear T must admit, with some justification) been accused of 
being reactionary and obstructive when legislative proposals for 
improvement of medical services to the community have been 
on the tapis. Here, in South Africa to-day, I think I can claim 
that we are taking up a more progressive attitude than are the 
organised bodies representative of the profession in any country. 

We are offering, on our own initiative, to become to a con- 
siderable degree a “ socialised " body without demanding that 
other professions and trade should simultaneously be “ socia- 
lised.** We are doing so because we feel that the socialisation 
of health services is urgently needed, as the only practical 
solution of the health problem, but that to couple this with a 
demand for complete socialisation would get us nowhere. 

We are not prepared, however, willingly to surrender our 
individuality unless we are satisfied that the State, as repre- 
senting the i)eople, will carry out its part of the scheme, by 
dealing with the basic requirements for health — freedom from 
poverty, nutrition, housing, etc. 

We also insist that, no matter how much alteration of 
existing legislation it may involve, there is no hope of evolving 
a satisfactory health plan for the country unless it is put under 
a unified central direction. The present state of affairs i'< 
utterly chaotic. Health and medical services to-day are everj- 
body*s business, with the inevitable result, of course, that very 
often they are nobody's business. Health matters are dealt 
with by practically every department of State, by provincial, 
municipal, divisional and voluntary authorities. Many ad hoc 
organisations, good in themselves, have been set up to deal with 
different needs, but they have not been duly, considered as parts 
of one general plan, and each flounders along as best it can. 
There may be some attempt at general direction, mainly through 
purse-string control, but this is unsatisfactory^ and the difficul- 
ties of* getting things done, wdth the multiplicity of authorities 
concerned, must be experienced to be properly realised. I (*aii 
only give you our view that we consider the present system — 
if system it can be called— quite hopeless. 

We believe that a health service such as we envisage can 
only be carried out by State finance and by close co-operation 
between, on the one hand, the Health Ministry, and other 
Ministries affected, such as Social Welfare, I^abour, Agriculture, 
Native Affairs, Education, etc., and, on the other, the Medical 
and Allied professions. 
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Finally, we hold that the medical and allied professions 
involved in health work must have a direct say, and the major 
say, in the organisation and control of the health service. It 
is on technical skill, not on administrative ability, that health 
depends. 

You will gather, T think, from what I have said so far, that 
we definitely favour a health scheme which is to be only a part 
of a general social security scheme. 

I now propose to deal briefly with the internal structure of 
the health service I envisage. 

Tn the first place, T fear that some of you may say. or 
think, “Oh, don't bother us with this — that is purely a matter 
for you doctors, yourselves.’* If any of you feel that wa> , T 
think you are wrong. Most of you are going to be affected by 
the scheme, as potential patients. We feel, moreover, that no 
scheme will be a success which is merely imposed by authority 
from above ; it must have the confidence and the co-operation 
of the people if it is to work smoothly. Tn other words, it has 
got to be — not the Government’s scheme, not the doctors’ 
scheme, but the people’s scheme. 

We are dead against an organised health service which 
would be part of the Civil Service. However suitable the (’ivil 
Service may be for some aspects of the government of the 
country, we do not think it would be suitable for a Health 
Service. A health plan, we think, must be on a long-term basis, 
and not be subject to the day-to-day, or even year-to-year 
inquisition of Parliament. In a Civil Service we w'ould dread 
its being made the catspaw of party politics and we can imagine 
nothing worse for the health of the country than promotion in 
the Service becoming dependent on mere seniority or political 
views, instead of on professional ability. In a Civil Seiwice, we 
also fear we w'ould lose our right of legitimate criticism and 
advice. 

The alternative which I favour is something of the nature 
of a Public Utility Corporation. To give the Government and 
the people the say which they must have as the financers, T 
tliink there should be a National Health Council composed of 
(1) Government nominees representing Departments, such as 
Health, Social Welfare, Native Affairs, Agriculture, Education, 
Finance, etc. ; (2) direct representatives of the people ; (3) 
technical representatives — medical, dental, nursing, etc., elected 
by the professional associations of these workers. This Council 
should be essentially .a Planning Committee wdiich would decide 
the broad lines of policy the health plan for the country ehould 
take, and would decide the amount of money available for it 
on a long term basis, say three to five years. 

The personnel of the scheme (doctors, dentists, nui^s, 
pharmacists and auxiliary technicians) should be incorporated 
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in a National Health Corporation, with its powers vested in a 
Board of Governors, with the Minister of Health as the Chair- 
man, the members being a selection, say half, of the elected 
technical representatives on the National Health Council. 

The Board should be charged with the duty of putting into 
effect the scheme agreed upon in broad outline by the Council. 
The money made available to it for this purpose should take the 
form of a block grant. It should be empowered to own, acquire 
or build hospitals, health centres or other things needed for the 
furtherance of the health plan, and, for the carrying out of 
environmental services, to contract with any other authority — 
State, provincial, municipal, etc. 

This would involve, of course, a Central Medical Directorate 
and also, as I think excessive centralisation of control is to be 
avoided at all costs, centres of regional administration. These 
latter I think should be placed to cover areas each with a popu- 
lation of ± 500,000. This figure is not taken arbitrarily, but is 
one which experience has shown is about the right size to have 
a General Hospital of ± 1,000 beds. Such regions would vary 
enormously in size — from a jingle city and its environs, to huge 
sparsely settled districts like the N.W. Cape and thickly popu- 
lated rural areas like the Transkei. The needs of the various 
regions would also vary largely. Around each General Hospital 
there might be smaller auxiliary hospitals for the less serious 
cases, and a number of health centres with from one to a dozen 
doctors attached to each. These health (jentres would be the 
foci not merely for the curative services, but also for the protec- 
tive services, and for the health propaganda work which will 
be very necessary. 

The staff at each level — hospital, health centre, etc. — 
should constitute itself a Technical Advisory Committee, thus 
providing a channel for every member to give advice or criticism. 
But there should be also at each level a Public Eelations Com- 
mittee with a senior member of the technical staff sitting as a 
member of it. This Committee would give the people their 
opportunity to have a say in the direct operations of the scheme. 

All appointments in the service should be advertised, and 
the appointments made by Committees, not by an individual — 
the Board of Governors having the final approval of appoint- 
ments' and being the ultimate employers. This would get over 
most of the difficulties attending transfers and promotions. 

Such is the skeleton of my plan. It may be felt that the 
medical and allied professions in this are asking for too much 
say. I do not think so. As the experts on health matters, we 
have been too backward in the past. Administration as a science 
has lagged far behind technical achievements. Engineers have 
been recognised as the most suitable people to run engineering 
concerns, e.g., Iscor and the Electricity Supply Commission, 
and the Railways are run by engineers,* not by the Civil Ser- 
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vice. Why not let doctors run health services? To put our 
case on the very lowest grounds^ — do not think doctors could 
possibly land health administration in any worse state of chaos 
than the administrators have got it into to-day. 

Such a scheme will obviously take years to bring to com- 
pletion, if for no other reason than because of the insufficiency 
of present technical personnel to meet wants. Where and how 
best to start it going are difficult problems. At a meeting of 
the Federal Council of the Medical Association recently, this 
was being discussed and almost every representative stated, in 
effect “ Oh, my area is the one most needing help.*' It is to 
be hoped that the National Health Services Commission, in 
their survey of the Union, will be able to determine priority of 
needs. 

I am not touching on the thorny problem of finance. I 
know it is a very important side of the affair, but if this war 
has taught us anything it is that finance, as such, is not a 
a limiting factor in national endeavour. The limiting factors are 
the amounts of raw material, machinery and labour we possess, 
and our power to co-operate in their use. 

Finance cannot therefore be put forward ns an excuse for 
not taking action. Action must be based on available real 
resources and priority of needs. A planned health servi(*e nnist 
surely rank as an A 1 priority, but it must not encroacli on other 
A 1 priorities — freedom from want and fear. 


REC’OMMEXDATIONS FOB llETNFOBCED (H)NCBETE 

BY 

C. Ferguson. 


Read 28fh June, 1943, 
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THE APPLICATION OP SOCIAL SECUBITY 
PRINCIPLES TO THE UNION OP 
SOUTH APRICA 

BY 

J. L. Gray, 

Department of Social Studies, University of the Witwatersrand, 
Bead 29th June, 1943. 

I. 

A recent publication of the International Labour Office (0 
makes a convenient distinction in the field of state social welfare 
policy between the methods of “ social assistance," “ social 
insurance " and ** systematic social security." The first, which 
is also the oldest, consists of measures aimed at alleviating the 
condition of the indigent and dependent. Such measures are 
often fragmentary in scope and invariably eleemosynary in 
administration, being financed out of taxation, accompanied by 
rigorous means tests and typically unrelated to a tolerable 
minimum standard •of living. Social insurance schemes almost 
always require contributions from those exposed to risks and 
eligible for compensation; but the cost is often shared also by 
employers and the State. In part, at least, they have an 
actuarial basis. In theory they can be administered without 
means tests, and they are often capable of providing adequate 
protection against poverty arising fi-om the emergencies of family 
life and earning a livelihood. A systematic social security plan 
is an extension of the foregoing, consolidated and made more 
comprehensive, designed usually to ensure a minimum standard 
of living for the whole population; and is often combined with 
measures to prevent ill-health, unemployment, squalor and 
illiteracy. 

However, it is useful to contrast compulsory collective thrift 
devices providing money benefits in emergencies with social 
servipes and other economic arrangements, whose effect is to 
raise the entire level of earned income in a population. The 
former alone I call " social security." 

II. 

Proposals for a complete system of social security have been 

? ut forward by Sir William Beveridge for Great Britain. (*) The 
F.S.S.R. (*) and (^) and New Zealand (*) already have fairly com- 
prehensive schemes, differing both from each other and from the 
Beveridge Plan. The U.S.A. is developing a scheme of its own, 
with characteristic differences in aim and administration. (*) 
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AU, however, are systematic and coiuprehensive in objective. 
Before considering the application of the principles implicit in 
these schemes to tlie Union of South Africa, it is necessary to 
discuss the conditions which seem to be pre-requisite for the 
full development of social security protection, and ask how far 
these exist in our own country. Because it is probably the best 
known, I take the Beveridge lieport as an example of a com- 
prehensive plan, and Great Britain as a country in which such 
a plan can, apparently, be successfully operated. 

The proposals of the Beveridge Report seem to be timely 
and appropriate in Great Britain for the following reasons : — 

(a) Existing wage levels, in conditions of full employ- 
ment,’* appear to be sufficient to maintain a normal working- 
class family above the poverty level. The national income, when 
part of it is saved and redistributed through social insurance, is 
large enough to bear the cost of protecting the wage earner’s 
standard of living in emergencies, at least at a rnininuim level 
of tolerable subsistence. 

(b) Britain is familiar with the effects of social insurances. 
Employers are in most cases able and willing to contribute 
towards the cost, being persuaded of their efficacy in conserving 
health, efficiency and working morale, in reducing industrial 
unrest and steadying the demand for the basic products of British 
manufacturing industry. (However, fears are often expressed 
lest the employers* contribution unduly raise competitive labour 
costs in export industries.) Tt is important to add that the 
labour force in Britain will shortly decline in numbers, while 
the burden of supporting the unproductive ages will proportion- 
ately increase. The young worker and the worker in his matu- 
rity become more valuable. Family allowances are proposed in 
an effort to improve both the quality and the quantity of the 
next generation. 

(c) The prevailing opinion seems to be that the British tax 
system is elastic enough to bear additional burdens, without 
undue dislocation of the financing of business and new invest- 
ment. It is possible, too, that the secular tendency of the 
economic system is towards new methods of governing industry, 
restricting the scope of individual or corporate decisions likely 
to be influenced by the profit motive. 

(d) The great majority of the occuiiied population are 
engaged on a contractual basis, as wage or salary earners in 
industry, commerce, mining, transport, agriculture, etc. Experi- 
ence stiows that this enormously facilitates the collection of 
contributions and the assessment of eligibility for benefits under 
social insurance schemes. Access to the land provides little 
alternative security in a country lacking a peasantry. Moreover, 
there are no racial and few regional differences in standards of 
living, w’hich assists the smooth and equitable w’orking of social 
insurance. 
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(e) The machinery for administering a national all-in 
insurance system already exists, and its problems are known. 
The fact that the United Kingdom is a unitary state also eases 
the administrative problem. 

(f) The basic social services are already well-developed. 
These nelp to render large-scale State assistance less necessary, 
by raising the efficiency of the population as creators of income. 
At the same time they furnish the conditions in which social 
insurance protection can function more adequately. While 
enlightened people demand that they should be continuously 
improved, their tactical importance in the war against poverty 
appears to have declined relatively to that of social insurance. 

(g) There is reason to believe that social insurance benefits 
will not pauperise the w’orker nor significantly damage his incen- 
tive to work. The population is habituated to industrial work 
and to high and competitive standards of living. There is even 
some ground for holding that family security will encourage 
better work and more private saving. 

(h) Great Britain has a popular system of goveinment, and 
it is possible that the more urgent needs of the masses will be 
satisfied before the less urgent needs of the few. The tradition 
of collective bargaining should ensure the continuance of efforts 
to raise earned wage levels and improve working conditions. 
In other words, the dangers of State paternalism and industrial 
fascism, inherent in social security systems, are not so serious 
as in certain other countries. 

None of these eight conditions hold in the Union of South 
Africa, (•) although they are realised to a considerable extent in 
New Zealand and Australia, with the possible exception of (c). 
(I omft the U.S.S.R. in these comparisons because of its wholly 
different social structure.) Many of them are absent in the 
U.S.A. Indeed, the resemblance of the U.S.A. to the Union of 
South Africa in many vital respects suggests that we can learn 
more in this country from a study of American efforts to estab- 
lish social security than from a reverential perusal of the 
Beveridge Report, 

III. 

In the Union of South Africa, as elsewhere, the goal of 
social security must be approached in stages. Our national 
income per head is still extremely low. In our population of 
many races and standards of living we cannot achieve through 
any method of insurance or income — ^redistribution the abolition 
of poverty, but only its mitigation. We cannot yet abandon the 
non-contributory method, i.e., social assistance. A large and 
increasing part of State expenditure ought to go to the extension 
and improvement of the basic social services, like health, educa- 
tion, nutrition, bousing and child and maternal welfare. With 
these limitations in mind, however, we can still do much to 
alleviate injurious and unmerited poverty and raise the standard 
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of well-bein^ for all. We can protect all sections of the popula- 
tion in their most defenceless emergencies, and introduce a 
model scheme of social insurance, to cover a considerable 
number of those most exposed to the risks it is designed to com- 
pensate. We can have better old-age pensions, available to all; 
widows’ pensions and more assistance to dependent and orphan 
children; a system of invalidity or disability pensions; sickness 
and unemployment insurance and perhaps old-age insurance. 
These would provide a foundation on which to build — a founda- 
tion big in relation to our existing resources, although modest 
compared with what is attainable in richer and more advanced 
countries with a different social structure. 

A — ^Non-Contribotory Pensions. 

(1) Old Age. 

The extension of old-age pensions to all sections of the 
population presents no difficulties. Objectionable in principle, 
racial differentiation in rates of pension is in practice easy to 
administer. It is also possible to reduce the discrepancy 
between different racial pension-rates to a proportion lower than 
that which holds between average earned standards of living, 
thus serving the cause of distributive justice. No rate at pre- 
sent can be adequate wholly to remove want and anxiety from 
the lives of any section of the aged population. The cost of 
attempting it would be colossal and the effort misdirected. In 
a poor country the claims of the productive and potentially pro- 
ductive age-groups must come first. Moreover, we must be 
careful not to start with too high a rate, since the cost will 
steadily rise, owing both to the increasing age-composition of 
the population and to later claims for higher benefits. 

(2) Widows' Pensions. 

The Union lacks a scheme of widows’ pensions. Their 
introduction involves some problems, none of them formidable. 
Where there are no dependent children a distinction must be 
made between older widows and those still capable of earning 
a living, or of being trained to eain a living. In the case of widows 
left in charge of dependent children there is a strong case for 
assessing the amount of assistance at a level high enough to 
put the family beyond the fear of want. 

(3) Invalidity or Disability Pensions. 

These are in general useless without proper provision for 
medical rehabilitation and employment training for the partially 
disabled and the handicapped. Such provision should be made 
and pensions granted to mitigate poverty in this section of the 
population. 

B — Sickness and Unemployment Insurance. 

A contributory scheme should be instituted, with contribu- 
tions from the insured person, his employer and the State, 



S46 


SOUTH AFRICAN JOURNAL OF SCIENCE. 


applicable to as many eiiiployees as possible in industry, com^ 
merce, mining, transport and public administration. It would 
be impracticable at the beginning to include the rural popula- 
tion, white or black, while special arrangements would be 
required in the case of migratory and indentured labour. Con- 
tributions and benefits should be assessed in (say) three income 
categories. Benefits cannot be more than one-half of normal 
earnings, to discourage malingering and encourage the growth 
of regular working habits among our non-European population; 
they may have to be even less for the more prosperous workers. 
Unemployment benefit requires a work test, and a work test is 
impossible without an adequate system of employment exchanges 
and an economic policy aimed at providing fuller employment. 
Similarly sickness pay achieves its fullest justification only in 
the framework of a genuinely national health service. 

C—’Old Age Insurance. 

If it should be decided to institute a scheme of old-age 
insurance to supplement, and ultimately to replace non-contribu- 
tory old-age assistance, it would bet desirable to include as many 
contributors as possible. Even so, consideration of the incomes 
and economic status of the bulk of the rural population and of 
migratory labour makes their inclusion in the beginning highly 
doubtful. The problems of financing such a scheme are extre- 
mely complex. Probably the best model to follow would be that 
of the U.S.A. Federal Old-Age Insurance plan. 


IV. 

Social security in the sense employed in this discussion is 
not an exclusive, nor the paramount aim of a sound State social 
welfare policy in South Africa. To promote maximum social 
welfare our primary needs are (1) greater economic productivity 
involving, inter aha, the better use of our labour resources ; (2) 
better social services; and (3) more democracy and improved 
economic opportunities. 
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SCIENCE AND THEOLOGY: 1860-1940 

BY 

The Abbi^ H. Brbuil, 

Abstract of an Address delivered on the 28th June, 1043, in 
offering the thanhs of the Association to Dr. R. Broom 
for his Presidential Address on the “ Origin of Man/' 


When we call to mind the memorable exchange of compli- 
ments between Bishop Wilberforce and Thomas Henry Huxley 
at the historic meeting of the British Association for the 
Advancement of Science on the 30th of June, 1860, the honour 
conferred to-day upon a Churchman by an invitation to express 
the thanks of the South African Association for an address by 
an eminent evolutionist on the “ Origin of Man,** indicates the 
enormous distance traversed in tlie last 83 years by the votaries 
of both Science and Faith, and their present spirit of loyal and 
cordial sympathy in the realm of practical discovery and mutual 
comprehension. 

With a competence no one can question, and with incredibly 
disinterested toil, Dr. Broom has drawn for us the outline of 
an evolution to which he has himself contributed so much, first 
by his work on the strange reptiles of the Karoo formations and 
then on the proto-men frequenting South African caves some 
hundreds of thousands of years ago, an evolution the influence 
of which on the attitude of the human spirit of religious man I 
wish to illustrate with some recollections showing how 
this spirit has moved and adapted itself to questions arising 
from the facts discovered. 

Firstly, in 1893, fifty years ago, our great Pope Leo XIII, 
with remarkable wisdom, warned the theologians that to claim 
to seek scientific teaching in the Bible, was running the risk of 
turning all into ridicule. “ In considering the truths which a 
Christian can draw from Holy Writ,’* said he, “ one must use 
common sense, and the literary type of each of the books 
composing the Bible must be studied, whether they are history, 
tradition, legend or philosophy.” 

A truer conception is thus gained of the reciprocal limits of 
experimental S<‘ience, Metaphysics and Theology. In former 
days their frontiers were frequently invaded by the representa- 
tives of one or another of these subjects, who claimed to teach, 
without sufficient preparation, what they did not understand 
because of lack of preliminary study, but, like Wilberforce, 
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plunged into scientific questions with which they had no 
real acquaintance, only to obscure them by an aimless rhetoric, 
and to distract the attention of their hearers from the real point 
at issue, by eloquent digressions and skilled appeals to religious 
prejudice. 

We now know that the worst spiritual pride is to claim to 
speak about that of which one knows nothing, above all to hold 
forth about abstract principles, which have nothing to do with 
objective science, or vice versa. That is what Cardinal Mercier 
freely acknowledged, in the last springtime of his life, when, 
during a long audience 1 had with him, 1 told him that Evolution 
was not what most people thought, but a method — a moving 
panorama, and not a hypothesis. The Cardinal commented on 
this definition, saying: Evolution is a scientific method applied 
to things happening in time ; everything derives in part from its 
antecedents, and also in part gives birth to what follows. All 
study of historic problems about the Cosmos, the World, Life, 
or Humanity must therefore be defined as evolutionary, both 
the method, the working hypothesis suggested and used provi- 
sionally, and the increasingly enlightened point of view to which 
this study leads by the gr6uping and interpretation of declared 
facts.'' 

A system of investigation, a way of development, such is 
the method, the object and the limit of all objective scientific 
reseandi. But the intimate nature of the thing developed, the 
hidden reasons controlling this development to a predetermined 
end, not ruled by chance — that lies outside the domain of scien- 
tific study. Not that I am against a scientist studying that as 
well, but not as a man of science; he must then be a philo- 
sopher, a metaphysician, and must use the “ introspective " 
methods of such thinkers. 

It is one of the curious reversions of things on this globe 
to see palaeontologists to-day, and Dr. Broom amongst them, 
following the same trend of thought which leads to an affirma- 
tion of the existence of the spirit modelling living matter 
by the personification of “ natural forces.'' And it, in the 
course of ages, living matter displays progressive faculties of 
perception and action, inexistent in earliest times, these must 
certainly spring from an underlying spiritual principle, which 
outside stimulation brings to the surface bit by bit, when the 
environment is favourable, in the same way as was held by St. 
Augustine, following Platonic philosophy. 

Thus, the problems which, a few generations ago, troubled 
the minds of the public, have cleared up and the whole outlook 
has been widened. As Pope Pius XI said to me in July, 1985, 
when I presented to him the first photograph of a Neanderthalian 
skull found in Rome a few days previously, Facts are not 
hypotheses; they are realities which we must link to what we 
knotv already and must then discover more; when there are 
enough, a teachable theory will arise which must be reckoned 
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with/* Wise and prudent words of a scientist, more familiar no 
doubt with other aspects of Science, but words which apply to 
all types of research. 

And if I am a practical man of science and yet a Churchman, 
may T remind you that amongst the great discoverers of various 
fossils and those who have built theories on these discoveries, 
I am not the only one of my type. The Jesuit Father Teilhard 
de Chardin made a gi'eat contribution to the advancement of 
our science at Piltdown, as well as in China. The celebrated 
Neanderthalian skeleton of Chapelle-aux- Saints was discovered 
by my friends the two Abb^s Bouyssonnie; and the great pre- 
historian Hugo Obermaier is also a Churchman. The science of 
fossil Man apparently does not get on so badly with the Christian 
Church and its representatives; and the “ Ascent to Parnassus,** 
as H. Fairfield Osborn called it, goes on witli twofold glanc'e, 
towards the Earth, holding the remains of the first essays of our 
t^pe, and towards Heaven, to w^hich our spirits bear us up and 
to which, as God’s children, we are drawn. 


SCIENCE AND THE NEW FIVE-DIMENSIOXAL ASPECl’ 


BY 

Hr.K. J. Joui)\n. 
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A MAJOE PEOBLEM IN EDUCATIONAL POLICY: 
THE NATUEE AND THE EXTENT OF THE UNITY OF 
AGEICULTUEAL EDUCATION 

BY 

Professor A. J. Boyazoglu, 

Universities of Thessaloniki (Greece) and Witwatersrand, 
Johannesburg. 

Counsellor to the Royal Government of Greece, 

Director of Rural Economics Survey of the University of the 

Witwatersrand , 
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I — The Problem. 

Is there a unity in agricultural education? If so, what is 
the nature and extent of the interdependency of its main 
branches ? 

This problem may be divided into two sub-problems : 

1. Are the various branches of agricultural education 
independent of each other and of different absolute and relative 
values; their difference being of such a nature as to justify, 
under given conditions, preference being given to any of them 
ill accordance with existing conditions? 

2. Ta specialisation in agricultural education in the various 
branches of production (i.e., plant husbandry, animal husbandry, 
rural technology) and further specialisation in sub-branches 
(such as field husbandry, horticulture, forestry, etc., or horse 
breeding, cattle farming, sheep farming, etc., or dairying, wine 
manufacturing, etc.,) desirable; and how does such specialisation 
affect the unity of agricultural education? Further, what is the 
value of general agricultural education for the “ specialist and 
what lias agricultural education to gain from “ general 
education ’*? 

What general conclusions can be drawn from the answers 
to tljese two sub-problems for the solution of our problem; and 
what will be the consequences with regard to the educational 
policy? 

JI — ^Fields Covered and Importance of Agricultural 
Education. 

1 . — The Contribution of Agricultural Education to the Work of 

Rural Policy, 

(a) The Absolute Value of Agricultural Education. 

In order that a scheme or even a simple measure of rural 
policy be put into practice, it is evidently necessary : (1) that 
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iliere should exist n research, educational, field and administrative 
staff, adequate in numbers and ability; (2) that those who are 
mainly concerned with the agricultural policy — i.e., the farmers 
— and who apply and actually carry out the major part of the 
measures or the entire scheme should also have the minimum 
appropriate technical and other knowledge; (3) that those in 
control of the economic policy should possess at least the 
knowledge required to enable them to separate and appreciate 
the agricultural factor from the economic, financial, social and 
national viewpoints, and thus be in position at all times to take 
the appropriate steps or impose the necessary sacrifices ; (4) that 
society at large, and especially the leaders of every country 
should have understanding of and sympathy for agriculture. 

(b) The Relative Importance of Agricultural Education. 

Knowledge may be transmitted by tradition or by education. 
Tradition, however, is a very slow means of spreading knowledge 
and is practically limited within the narrow bounds of routine 
adapted to distinct conditions- Its achievements cannot be 
compared with those of science. Education is, therefore, of 
extreme importance, particularly in filling the gap between 
traditional routine and the progress of science and technique. 
Thus agricultural development is largely dependent on the 
successful teaching of agricultural science. 

In a “ paper ” read to the South African Association (*), 
stress was laid, in accordance with their respective merit, on the 
importance of: (a) the achievements of agricultural and related 
sciences, (b) the progress that agriculture has made, thanks to 
these, and (c) the advantages drawn by social economy and 
civilisation therefrom. Yet it is evident that the most wonderful 
achievenjents in the field of scientific research would have been 
of little use or practical importance, if they were “ kept hidden 
• under a bushel. That would certainly be the case, if agricultural 
education did not provide the means for the dissemination of 
the results of scientific efforts. 

The number and ability of a properly educated staff is 
hardly less important than the sufficiency in material and 
economic means. A correct estimate in time and space of a 
given situation, the right use of the means available and the 
application of the most commendable methods and combinations 
will in tlieinsclves effect considerable progress without any 
additional expenditure; whereas an incorrect approach to the 
problems of rural economy may often result in incalculable looses. 
In cases where the producers, their guides and their adminis- 
trators lack sufficient education, there is a surprisingly great 
decrease in the efficacy of most measures of rural economy. 
Quite often, measures and material sacrifices turn out to be 
valueless, or even have a detrimental instead of a beneficial 
effect. 

(e) Conditions Under which Education Becomes Increasingly 
Important. 
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The value of agricultural education becomes greater aa the 
need for intensification in rural economy becomes more pressing 
and as the different factors of production and their combined 
working become more complicated. 

Agriculture is becoming more and more intensified and 
complicated; hence the constantly increasing need for an 
enlightened farming community and a highly trained staff to 
direct its activities. 

2 . — Aims of Agricultural Education. 

Now, the securing of the above-mentioned efficient staff of 
scientists and community leaders, the preparation of the agri- 
cultural population for the application of advanced scientific 
methods and technique, and the creation of a favourable social 
atmosphere, all constitute the functions af agricultural education. 
This fully explains the paramount absolute, as well as relative 
importance of agricultural education, within the frame of rural 
policy. Consequently, among the primary measures in any good 
and approved scheme of rural policy there should, obviously, 
be arrangements for the appropriate organisation of agricultural 
education, thoroughly equipped with suitable teaching staff and 
material. 

Ill — ^Thk Main Branches of Agricultural Education. 

From the objects of agricultural education mentioned and 
the vastness of the field covered by agriculture, the need for 
agricultural education to adapt itself to a series of conditions 
and requirements i«* obvious. On the other hand, the previously 
mentioned paper (^) made quite clear the great variety and the 
breadth and depth of the branches of science — agricultural 
sciences proper and auxiliary sciences (applied to agriculture and 
pure) — to which agriculture must have recourse for the accom- 
plishment of its social mission. 

Hence the great number and variety of branches and forms 
of agricultural education (*) and (®). 

These branches if grouped in a rational manner, i.e., taking 
as criteria the main objects aimed at by the various branches 
and forms, and the methods and means utilised in each branch 
or form — instead of the traditional way, consisting of following 
the educational levels or school standards (Elementary, 
Secoftdary or Higher) — would present exceptionally interesting 
signs and indications for the study of things pertaining to 
agricultural education, from both the static and the dynamic 
points of view. 

Agricultural education comprises two basic branches: (1) 
The School Agricultural Education (or agiicultural education 
proper) and (2) the Extension Services. 

• 1 . — School Agricultural Education. 

This can be sub-divided into four main branches: (a) the 
teaching of agriculture — as one of the subjects — in ordinary 
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sohoolfl, (b) agriculturaUy*bia96d education, (c) vocational agrio* 
cultural education and (d) scientific agricultural education. 

(a) Agriculture as a School Subject in Qeneral Education 

Institutions (Ordinary Schools). 

This type of agricultural education just gives the student an 
idea of agriculture, its objects, its importance, its methods, its 
means, its achievements and its possibilities. It is provided 
in . ordinary primary, secondary and even higher education 
institutions (such as teachers* training colleges, etc.) as one 
subject of the syllabus. 

(b) Agriculturally-Biased Education. 

Agriculturally-biased education is given at a special type of 

institutions (such as the “ Becker School-Farms *' of South 
Africa), providing the ordinary primary or secondary education 
in an agricultural environment. Such educational institutions 
have the advantage that pupils do not lose contact with the 
conditions of agriculture during their general primary or 
secondary education. 

But what is more important is the “ test to which the 
student is submitted during his stay in the institution. If a 
student does not like agriculture, and is more interested in other 
vocational branches, such as carpentry, mechanics, accounting, 
etc. (for which there are also facilities in the school), this 
vocationally-biased school will reveal his natural bent to his 
teachers, and he will be selected for the w’ork he is best suited 
for. Such schools, therefore, aim more at vocational guidance 
than at vocational training. 

(c) Vocational Agricultural Education. 

Vocational agricultural education aims at teaching agri- 
cultural vocations, i.e., at training farmers, farm managers, farm 
foremen, peasants and labourers. It may be of three types: 
(a) Elementary, concerned with the enlightenment of peasants, 
small settlers and farm workers; (b) secondary, having as object 
the education of farmers intending to farm on medium-sized 
farms, also farm foremen; (c) higher or technical (colleges of 
agriculture of a sub-university standard) for preparing farmers 
intending to farm on a large scale or going in for intensive 
farming and also farm managers. 

These are the main branches of vocational agricultural 
education. 

(d) Scientific Agricultural Education. 

Scientific agricultural education is provided in universities 
and aims at the preparation of agriculturists intending to work 
for the promotion of agricultural science, educationists, agri- 
cultural civil servants, technical advisers to farmers* organisations, 
farm managers of big concerns, and persons intending to go in 
for farming on a very large scale. 

12 
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2.^The Bximiion 8eTtfice$. 

l%e ddueationftl afiEort of the extension services aims: (H) 
at providing : (i) the farmer, usually on his farm, with the speeial 
information ana advice which he requires concerning his eDter* 
prise and farming proposition, (ii) assistance to farm women in 
the management of their home economics; and (b) at promoting 
the rural club type of education amongst children in the country 
districts. 

B . — Other Aepecte and Forme. 

Besides these main forms, there are a number of others, 
some of which may be considered as intermediate and/or 
introductory or complementary to those already mentioned. 

This variety is easy to account for, if we take into considera- 
tion that agricultural education practically concerns people of 
ril types, of all origins and of all ages and all kinds of farming 
activities. 

IV — Specialisation. 

Agricultural education may be general or specialised. 
Specialisation is often desirable in vocational agricultural 
education; it is usually a necessity in advanced scientific agri- 
cultiu*al education; aii^ in* many instances, it is inevitable in 
the agriculturally-biased education; but it is inconceivable when 
agriculture is taught as an ordinary school subject. 

The lines in which specialisation takes place are usually 
those of the main branches of agricultural production (plant 
husbandry, animal husbandry and technology), or their sub- 
branches; but it may also concern rural economics, home 
economics, plant or animal pathology, or any sciences applied 
to agriculture. Anyhow, all and any specialisation has to be 
founded on a previous general agricultural education — varying 
in extent and in depth, according to the case — and the latter 
on an all round general education. 

In fact, agriculture has a very broad field of activity, and 
its various branches are closely interconnected and inter- 
dependent. On the other hand, agricultural sciences mainly 
make use of synthetic methods (‘) and have to rely upon n great 
number of auxiliary sciences (^). 

V — ^Thb Methods and Means. 

The methods and means employed in each of these branches 
of agficultural education can be summarised as follows : — 

1 . — School Agricultural Education. 

(a) When agriculture is taught as a school subject, students 
follow demonstrations in the school plot or garden, and make 
some agricultural excursions; but the teaching methods most 
in use are the same as for the other subjects of the syllabus, 
especially those in use in natural sciences, consisting of lectures, 
and laboratory and class room demonstrations. 

(b) In the agriculturally-biased schools, the students, besides 
their general education courses, follow in practice, during some 



or AOMOxjZifmut. rocoAmoN* 969 

of their spare time, the whole procedure of farm management 
and per£(»rm the different kinds of work that are done on the 
farm and/or in its workshops and/or in its office. Apart from 
this, boys usually take agriculture, and girls home economies—^ 
as a subject — ^in their general education curriculum. 

(c) Vocational agricultural education. 

(i) If elementary or practical follows the principle of 

Aristotle: “ Learning by doing.” The lectures are 
given on the spot in an explanatory way. The 
students perform the task and the instructor explains 
to them how a thing should be done and, as far as 
possible, why. 

(ii) In secondary vocational education, the students de\ote 

about half of the day, or three days out of the six, 
to practical work. They follow series of lectures and 
demonstrations and do some laboratory work. 

(iii) In higher vocational education, the students usually 

devote one-third of their time to agricultural practice 
and/or the performance of other farm work. They 
receive series of lectures of a higher standard on 
science, economics and agriculture, follow demonstra- 
tions and do more advanced laboratory work. When 
graduating they should not only know how different 
farm activities ought to be carried out, but must 
further be in a position to face the various problems 
involved in farm management and to know the right 
method to obtain the best results in each case. They 
must be able to control their workers, and should 
know as far as possible the “ why of every farming 
practice. 

(d) The teaching ” in extenso ” of positive and social 
sciences and of their applications in the field of agriculture, as 
well as of some applied sciences (such as engineering) constitutes 
the foundation of scientific agricultural education. Agricultural 
science must be on a proper basis; previous or subsequent 
agricultural practice of at least one year is absolutely necessary. 
The students follow lectures and demonstrations, work in the 
laboratories and must have at least one day per week of 
agricultural practice. Some training in scientific research, and 
in particular in the methods and means used in handling 
scientific problems in agriculture, is also necessary. They will 
not all become scientists and it is not necessary for them to 
go into details of scientific method, but they must all acquire 
and be able to maintain a scientific attitude. 

2 — Education Through Extension Services. 

The basic methods employed by the extension services are 
to a large extent different from those in use in school 
agricultural education. They aim at educating the farmer, his 
wife and family by making use of every opportunity that offers 
itself. 
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The most important work in this type of agricultural 
education k that done hy the ** extension officers/* These officers 
are often in charge of auxiliary work ns well, but their main 
object is to educate and give advice to the public, and 
particularly the farming community. 

The following are some of the most successful methods in 
use in extension education. 

(a) Co-operative demonstration. This method consists in 
making use of the co-operation of progressive farmers to demon- 
strate locally the use of certain crops, propositions or systems 
of farming. All farmers in the district are periodically invited 
to inspect the result of the demonstrations. 

(b) Lectures and demonstrations at “ Farmers* Days ** or 
other gatherings at a central place in the distinct. 

These lectures and demonstrations provide the farmers with 
the particular information which is of special local interest; i.e. 
pruning of trees in a fruit area, wool classing in a sheep area, etc. 

(c) Meetings for farmers* wives and daughters at which 
officers of the rural home economics institutions, lecture and 
demonstrate. 

(d) ‘Organising rural clubs for children of farmers ; the main 
akn being the development of their interest. The “ farm 
project ** method is the one most in use here. Besides awakening 
ins personal interest, it develops the personality of the student. 
The idea is not to let the student do a piece of work mechanically, 
hut to entrust to him a full farming proposition (e.g. the 
fattening of a pig) at hi-, personal financial re^ponsibilitj . 

VI — Thk Unity of Agricitlturvl Education. 

There have been long arguments in the past about the 
branches and forms of agricultural education, which should be 
given preference in the various countries and regions, in 
accordance with prevailing conditions. 

It is quite clear that there may be indications in favour of 
a bigger development of one or more branches and/or forms 
of agricultural education, depending on the conditions — varying 
from place to place. Also, it is obviously advisable that an 
adaptation of certain branches of agricultural education through 
specialisation (in agronomy, horticulture, forestry, sheep farming, 
beef* farming, dairying etc.) should be attempted in a way to 
fit in with the nature of the agiicultural production of each 
farming region. 

However, notwithstanding the above, there is an indubitable 
unity in agricultural education; a unity not only from a 
philosophical and scientific point of view, but also with regard 
to its practical pursuance. The various branches and forms of 
agricultural education may be likened to a chain; the strength 
of which depends upon the weakest link. 

We must have resear<*h scientists, field officers, educationists, 
farm managers, cnpablp farmers who can manage farms of any 
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size, foremen and farm labourers with sufficient education, and 
peasants and settlers who will be able to understand the advice 
given to them by the extension officers. Further, it is hopeless 
to try and make a farmer out of a man who has no inclination 
for such a vocation, and no one can contest the importance 
of agriculturally-biased education in this respect. This type of 
education further enables the fanners' children to keep continual 
contact with agriculture; it also helps to lay the foundation of 
future understanding between farmer and non-fanner. Yet Q 
more generalised sympathetic attitude towards agriculture and the 
rural community is of paramount importance in promoting 
farming interests, as well as for the general welfare. Hence, also, 
the advisability of including agriculture as n subject in the 
curriculum of schools which provide general education. On the 
other hand, this broadening of the outlook is of particular 
educational value to the city child. 

VII — Conclusions. 

1 (a) The field covered by the objects of a system of 
agricultural education is far broader than usually considered ; its 
utimato object — wifliin the frame of each country — being the 
prosperity of the nation, and its integrated object being the welfare 
of the human race. 

(b) Agricultuic and agricultural scieuce are of a synthetic 
character. On the other liand, the branches of scien<‘e to which 
agricultural education must have recourse are numerous and of 
various nature. 

Therefore (i) although agriculture is definitely realistic, the 
background of agiicultural education /ia« to be humanistic, (ii) 
Specialisation in one of the branches of agriculture or agricultural 
science, i.e., a knowledge of a part — ^however thorough it may be 
— is undesirable and may even be dangerous without sufficient 
knowledge of the whol«, i.e. without a previous general agru 
cultural education and without a baclground of the more general 
frame within which agiiculture and agricultural sciences are 
functioning, (iii) All educational systems concerning agriculture 
have to be founded — directly or indirectly — on as wide a basis as 
possible, constituted by a very large part of the ncliievenieiits of 
man in the various brunches of science, art, technique and 
philosophy. 

2 (a) In classifying and grouping the vaiious types of 
agricultural education, it is advisable to take as criteria: 

The objects pursued by each and the methods and means 
each makes use of, without regard to the level or standard and 
the degree of specialisation in each group, >^hich are to be 
considered only for further sub-divisions. 

The following main branches of agricultural education would 
then arise: — 

(i) The school agricultural education. 

(ii) The extension type education. 
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The flrsfe oompriseg four main hranohea 

Agricultural education cf a tcfcoo! $ubjeiit. 
AgrictdtutaUy^biaied educaticm. 

Vocational agricultural education. 

Seientific agricultural education. 

The first three of these branches may be of elementary* 
secondary, or Mgher standard, while the fourth can, obviously, 
only be of a miiversity (highest) standard. 

The extension type education, comprising extension work 
proper and club work, constitutes an indispensable complement 
of the school ty{)e of agricultural education. Its major value 
lies in its filling the gap between the— constantly progressing — 
science and the traditional practice. 

(b) With regard to school agricultural education, no real 
specialisation is conceivable within the frame of the first and 
partly cf the second of the above branches, whilst vocational 
and scientific agricultural education, may either be general or 
concern special lines of agricultural production, pertaining to 
plant and animal, husbandry and rural technology. Education 
provided to the farming * community through the extension 
services is of a special character and concrete. 

8 (a) Although the aforementioned main branches of 
amcultoal education, contribute to the puisuance of the same 
Ultimate object and present many analogies, yet they constitute 
absolutely and distinctly different things. 

(b) No preference can be given to one or more of these 
branches of education over the others, except with regard to 
sequence; by no means can one branch 1^ substituted for 
another; nor can any one of them be omitted from an educational 
system. Otherwise, not only would the efficiency of the system 
as a whole be diminished, but that of the remaining branches 
also would decrease, in the pursuance of the objects of the 
educational and the rural policy aimed at. These branches aie 
inseparable and consUtute together an indivisible whole. 
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We find the following statement in Be^^oit No. 1 of the 
Social and Economic Planning Council : 

** In all respects the Union is ill-prepared to embark on 
housing schemes as a means of facilitating re-employ- 
ment. ... No large-scale housing schemes have been 
prepared. . . . The Housing Board is a part-time body 
with no technical staff. . . . While the Housing Board, 
with the co-operation of town engineers, has experi- 
mented with certain substitutes, the investigation has, 
in the absence of the necessary facilities, been neither 
systematic nor comprehensive. 

The need for shelter, unlike that for toothbrushes or combs, 
is absolute, its utility is universal. With accessories, internal 
furnishings and outside environment, houses are man's prime 
medium for the extemalisation of his life values, the peace 
with and progress in the society, of which be is a part. Housing 
schemes, moreover, are fertile fields for capital investment as 
which they have a revivifying effect on many spheres of the 
economy reaching far beyond the boundaries of the building 
industry proi>er. In periods of depression housing projects 
become the expansionist public works programme par excellence. 

Little wonder, therefore, that even a government so doggedly 
quotidian as that given to South Africa in the last Parliament 
eventually moved to plan. Silent — oi negative — to all the other 
recommendations contained in the Beport of the Planning 
Council, the Government accepted and even went beyond the 
proposal of the Planning Council. 

Whereas the Council had visualised housing as one of 
many research subjects to be studied by the Universities ail-in 
Regional Surveys r6r by an ambitiously conceived nation-wide 
Town Planning Committee — it is not quite clear from the text 
which of these bodies should do what), the Government 
contemplates the appointment of a separate committee of 
housing experts. Not much is known of the committee’s com** 
position or terms of reference other than that it is to make 
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an estimate of the Union’s housing needs for the coming five 
years. 

The Likely Position After the War. 

Since its earliest days the Union of South Africa has faced 
a great shortage of houses. The position was very critical after 
the last war, when building had stopped for seVeral years, and 
although public provision of houses was inaugurated in 1920, 
it was never on a scale sufficient to reduce the exorbitant 
rents customary in the country. Increasing wealth and 
increasing population formed a demand considerably in excess 
of all 8U])}>lies, public and ])rivate. It was learned that private 
enterprise does not or cannot provide low-rental houses unless 
subsidised to do so because of the large initial outlay involved 
in even small structures and the economic insecurity of small 
consumers. Ranger of obsolescence, changing standards, new 
cheap building materials, neighbourhood blight and migration, 
the high cost of repairs, of legal transfers, of loans, the lack 
of prefabrication, the fear of Government pressure on landlords, 
etc. — characterise an industry having to supply a very expensive 
and immobile commodity, but composed of producers, smaller 
and more unorganised than known anywhere else in our economy. 

High rents— -on the average 300 per cent, over the English 
level, are one of the causes of ])Overty and malnutrition. (“) 
The war-time measure of ])egging rent charges when ])rices and 
incomes are generally rising will only lead to a higher standard 
of living if it is followed by a great deal of y)uhlic building as 
soon as the war ends. For it is evident that restrictions, if 
they are not to frighten the private builder out of business 
cannot be extended to newly erected houses, so tliat if their 
rents are to be low their Mif)])ly must be ample. 

Whatever w^e do the situation after the w.ir will be a 
difficult one. Inheriting the consequences of lags and shortages 
of the inter-war \cars, deprived of all civilian building during 
the major part of the w'ar, the country wdll have to face a 
continued tightness in all the factors of production, simultane- 
ously with a tidal wave of new demand. The siqjply position 
can improve only slowdy in the absejice of large imports of 
building materials, because of the ])ressing needs of devastated 
Europe taking first place. As a going concern I he industry 
will have to piece itself together again, and w’e know from 
the last post-war period that the efficiency of an English brick- 
layer declined from an average output of 1,000 bricks per day 
in 1914 to 300 in 1920. As wages on the other hand had risen 
nearly two and a half times during that war, building costs 
for 100 bricks in 1920 were equivalent to the cost of 700 bricks 
in 1914. (») 

Nor is it sufficient t(^ have a good supply of carpenters if 
bricklayers are wanting in the required numbers to work wdth 
thein.(^). The building trades, already an ageing group of 
occupations before 1939, have since been further starved of 
apprentices. 
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On the demand side we have not only to reckon witli a 
steady increase of the population, but with an exceptional 
increase in the demand of separate dwellings due to the large 
number of new marriages and births w’hich regularly occur 
after a war. iMoreovei*, there are many marriages contracted 
during the war period but not leading to an articulate demand 
for new dwellings because one or both of the spouses was or 
were on active service. Although little is said about Homes- 
for-Heroes this time, the returning soldiers of total war promise 
nevertheless, to be challenging rather than demure, tumultuous 
rather than docile. Even the long suffering non-European may 
be less prone to take without protest to the living quarters 
wiiich await him on his return from the big war. What the 
position will be if the 10,000,000 immigrants from Eui*ope, 
canvassed so assiduously in certain quarters as the solution tif 
onr economic ])roblems, make their entry on to the scene one 
fails to envisage. The internal migration also may be large, 
hut that can in time be reduced by planning. 

It is, however, not inconceivable, that the degree of over- 
crowding may be such that the position gets out of hand and 
houses turn into slums faster than they can be rehabilitated 
or replaced. Such a calamity is not very probable, for epidemics 
and high mortality rates will come to our rescue and reduce 
the shelter problem to \vorkahle proportions by liiiuidating the 
number of those who would be in need of slielter. 

The H()rsix(j Survey: Its Uses and Aiiusks. 

Grim, anxious and foreboding as the future ina> appear 
it will be many times worse if ])laniiing is not taken in hand 
energetically and in time. Should the moment of reconstruc- 
tion arrive and find the planner wanting, the way \\ill be loft 
clear to the unsettling activity of the individual sj»eculators. 
It is understood that any piecemeal building must he slower 
and costlier than large scale jdanning. 

How then sliould planning proceed? In spite of all the 
talk abo\it ])lanning these days a ]>erusal of tlie literature will 
leave the reader with a feeling of emptiness. Jjittle guidance 
on tlie practical stcj)s is offered to tlie legislator or administrator. 
Only in one respect do writers on social planning agree: viz., 
on the need for surveys. Just as \Ne make continuous use 
of geological and geograydiical map] dugs, so, it is thought, do 
w'e require detailed sociogi’aphic studies. Thus the Socdal and 
liiconomic Planning Council, tired of making bricks without 
straw, insists on the provision of systematised information on 
the economic* and social set-up and the country ’.s resources. (*) 

To say the least 'such realistic monographs are educational. 
They enhance that spirit of imy)artia] and ])ainstaking enquiry 
which contributes so effectively to the liberal sy)irit. 

What is not qidte so readily ay)prcciated by those who are 
most eloquent in their demand for surveys is that such massive 
accumulation of data on every conceivable subject will 
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not save the planner the trouble of theoretical thinking. 
If many American surveys make such unsatisfactory reading, 
the reason quite possibly can be traced to the uncertainty 
and confusion surrounding the objectives for the realisation 
of which these surveys were undertaken. Unfortunately, 
the realm of fact is infinite and where no determinate 
working principle of selection is stated explicitly the surveyor 
in the field is a slave of his own unguided preclispositions. If 
the data collected are irrelevant the survey cannot be saved by 
splendid presentation. As Aronovici (*) puts it: 

A survey is often merely evidence that under a given 
set of wrong assumptions or generalisations one can 
build up a set of facts which would justify action in 
harmony with these assumptions. . . . We have 
(especially in the housing field) accumulated a con- 
siderable number of prejudices, superstitions, and 
^ habits of thinking which befog the issue and confuse 
the investigators so that they accept beforehand mean- 
ings and words and correlations of facts which have 
no scientific \ahie and which, in the end, are not com- 
parable with the main objects of housing studies and 
the application of the findings to housing reform." 

Evidence goes to prove that where an outline plan existed 
first, as in the case of tlie imposing Tennessee Valley Authority, 
a subsequent suivey of the detailed factors was a success. 
Likewise a survey w'hich sets out to measure a limited but 
precisely defined set of social ])henomena is likely to beget 
useful results. Action followed the English Overcrowding 
Survey because its information was precise and answ^ered an 
urgent question. (^) 

Nation \ ii, Rkgional or Local Surveys. 

The Government has not yet accepted the idea of financing 
regional surveys. Discussions are in progress, how’ever, between 
the Planning Council and certain Universities. The suggestion 
of a regional survey is a new* one to this country, and is modelled 
on recent English and American work. There are serious 
differences betw’een the old countries and the Union, which 
is industrially so new’, socially so fluid, and culturally so uneven. 
Begions are rather the end product arising at the planning 
stage *than a point of departure. 

There is a technical argument w’hicli must be considered 
ioo. National surveys might by-pass such tiresome obstacles as 
staffing difficulties and co-ordination of indepen4ently working 
centres. None of the social scientists in the Union, I think, 
claims for himself authority to pronounce views on the entire 
field covered by his subject, whereas on such matters as he 
has formed well-founded conclusions his know’ledge and contacts 
are often national in scope. A limited realm of enquiry but 
broadly conceived geographically will also reduce that complex 
problem of interdepartmental collaboration of individualist 
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academic personalities. It may be easier for a department of 
one university to pool forces with a like department in another 
university than for that departmental head to achieve unity of 
outlook with another professor in the same university. Local 
surveys may meet similar difficulties of standardising their 
investigations in addition to the uncertain quality of local 
workers. 

Types op Survey. 

If the trend of our argument seems to ])oint to national 
surveys, we must still define what we mean by “ survey.'* The 
term survey is misleading. Its aim is not to give a general 
impression but to make a minute enquiry into facts. A 
panoramic picture presented by a travelling commission will 
not suffice. Quantitative studies— of some selected areas — should 
be attempted if only to increase the confidence that can be 
})laced in the qualitative conclusions. The impressionist survey 
will help to define a problem and it will reduce the tangled 
problem to a limited set of questions — ^yet sooner or later we 
must come down to measurements. 

Some will argue that war time is the worst possible time 
for sociometric studies. They are time absorbing and costly 
without leading to conclusions which will be valid in the post- 
war world, which may see revolutionary changes. This cannot 
hold good for the immobile, durable, inelastic commodity of 
houses. In this field a precise inventory giving information 
about the number and size of the nation's stock will be essential 
in all possible worlds. (*) 

The sanguine belief in short cuts presupposes surely that 
we know the lay of the land. Alas South Africa's social con- 
ditions still await scientific exploration. On closer examination 
our Government statistics are more remarkable for what is 
omitted than what is included in the reports. Take, for 
instance, the 1936 census, the last “ complete census of the 
whole population of South Africa,'’ that is available. Volume 
VIII is clevoted to “ Dwellings.’' We may quote examples of 
the " completeness ” of its tabulations: 

" With the exception of dwellings in certain rural suburbs 
of large towns the tabulation has been confined to urban 
areas. ”(®) 

A ITnion-wide census is limited to urban areas I 

“ As the majority of dwellings are of from three to six 
rooms, most of the tables deal exclusively with dwell- 
ings of this size." 

The figures for the very poorest and the most over-crowded 
areas are omitted. 

" Similarly, dwellings built of materials other than bricks, 
stone, brick and stone, and concrete form only a very 
small percentage of its total and are excluded from 
most of the rent tables. "(•) 
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The writer must be thinking of dwellings occupied by 
Europeans only. When we come to native housing, notwith- 
standing the fact that this section of our population gives rise to 
our most thorny planning problem, no detailed publication of any 
of the ascertained housing data was undertaken at all in 1931 — 
on account of financial stringency of the country. 

If a statistical service is so starved of funds that it cannot 
even work up the data collected, it does not inspire much hope 
of having money to investigate more than the absolute minimum 
required for the day to day routine of government. Nor can 
too much reliance be j)laced in the material collected by the 
various municipalities in the absence of any sort of central 
supervision or agreement among local authorities upon the 
definition of the items mentioned. Only those who believe in 
an automatic and early return to laiasez faire can defend the 
estimates of the Department of Census and Statistics. 

Surveys Instead of Commissions. 

The Union has had good and bad commissions on a great 
number of controversial questions, but rarely have the Com- 
missioners or the witnesses been statistically minded, or if so 
inclined, been iu a position to make quantitative assessments. 
We should take a leaf out of the book of the Union’s sister 
dominion, Australia, to appreciate the value and use that can 
be made of government statisticians — and statistics. If it is 
admitted that facts are superior to intuitive opinions it is held 
that information as supplied for Australia is out of the ques- 
tion here for lack of personnel. Should the position be as 
serious as is made out then we should train the personnel. 
Analysts must be highly trained, whereas enumerators can be 
relatively unskilled as long as the instructions given to them 
are precise and unambiguous and supervision is continuous. 
What knowledge we have of non-European enumerators has 
confirmed this statement, and there is reason to suppose that 
the same staff can be successively employed on quite different 
enquiries. This would dispel the spectre of insecurity of 
employment still the chief obstacle in the way of attracting 
steady men and \^olnen as surveyors. 

Desiderata. 

What would con«»titute a satisfactory minimum programme 
of housing statistics? 

We need information on the following; 

(1) The general physical condition of housing in the 
country. 

(a) Number and size of different types of houses 
(single family houses, two family houses, etc.). 

(b) Age, condition of repair, amenities provided, 
materials of construction, number of separate 
dwellings within the structures. 
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(2) The Hocio-economic condition of housing in the country, 

(a) Measures of overcrowding for various classes of the 
population (according to their ethnic, economic, 
occupational, urban, suburban, periurban, rural 
differentiations) and the amount of “ doubling up 
of households, including those who are not over- 
crowded in terms of our standard. 

(b) Rent and travelling expenses in relation to size and 
amenities of the dwelling paid by the different 
classes of the population. Relation of rent to 
total household income. 

(3) The state of the Housmg Market. 

(a) The supply per annum of houses of different type. 

(b) Conversions of houses into flats, demolition rates 
and rehabilitation of houses. 

(c) Ty])es of tenure, the number of houses owned, 
the mortgage position, foreclosures. 

(4) Town planning information. 

(a1 Layout of dwellings (situation, row, courts, inter- 
nal arrangements). 

(b) Land provision, land use, taxation, street plans, 
open apace, zoning plans, transport conditions, 
social economic and recreational services, commu- 
nity facilities, landscape treatment, etc. 

(c) Social and economic costs to the community of the 
different townships, housing estates and schemes 
financed by industrial undertakings. What have 
been the effects of the policy of suburban develop- 
ment? 

(d) Effect of by-laws, ordinnn(»es, rates, etc. 

(5) Public opinion measurements. (*’) 

fa) Satisfaction or dissatisfaction with present home 
or features of it. Altitude to neighbourhood. 

(b) Wishes of population with respect to housing. 
Attitude to ownership. 

Minimum Standards. 

We must, naturally, define what we mean by overcrowding- 

According to our definition, as Sir E. Simon has pointed 
out, our estimate of the need can differ in the ratio of 400 
to l.(^®) The British Housing Act of 1935 laid down a standard, 
but in 1930 the British Ministry of Health raised its standard 
so that 68 per cent, more houses were condemned as unfit for 
habitation. (‘'‘) 

Biological and social minima must be arrived at. Well- 
being does not only depend on the amount of air and space 
available to the occupant. A good beginning to establish such 
standards have been made in America. (^*) 

It need hardly be said that if a minimum based on man's 
physiological need is once accepted no deviation can be per- 

13 
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mitted. The non-Europeans must get equal treatment. Only 
on the social side should some variations be made. In view 
of prevailing racial attitudes a white worker’s family should not 
be expected to eat in the kitchen, as is customary in Europe, 
if a non-European servant also eats there. In the case 
of the coloured or native a kitchen could be counted as 
a living-room, but not in the case of Europeans. Allowance 
should also be made for time that is spent out of doors 
according to climatic and economic conditions. In respect to 
sanitation, ventilation, light, safety, humidity, etc., no differ- 
ence can be made between the different ethnic groups of the 
population. 

The Demographic Factor. 

It is no good taking the number of families given in the 
census. “ Census families ** are a statistical artefact defined 
as a grou]) of people occupying one dwelling with one food 
hill; this does not take account of families who lived “ doubled 
up.” (Even so acute an observer as Sir Ernest Simon (**) 
missed this point.) The 1931 cemsus of England and Wales iwed 
three indices to assess the number of genuine families. 

(i) The total number of married women of all ages; 

(ii) the total number of married women of all ages plus 
the widowed of both sexes under 65 years; and 

(iii) the total number of mairied women of all ages plus 
the widow’ed women under 65, plus 10 per cent, of the 
single persons of both sexes betw^een the ages of 20 and 
54 (I**) 

Another interesting calcnlation has been made by Stolper. (‘") 
Houses must meet the demands of small and large families. 
Some Englisli writers complain that the new housing estates 
there do not cater for families without children. (^*) 

Migration. 

Additional accommodation may be needed without an\ 
increase having occurred in tlie number or size of families. 
Population shifts following the dictates of the labour market, 
create a demand in new centres of employment. Much w'ar 
housing was necessitated in Britain in the execution of arma- 
ment jjlans in protected areas. If the Union is to see a brisk 
period of industrialisation there is bound to be a good measure 
of internal migration, though a careful location of new indus- 
tries could minimise this One of the awkward features ot 
internal ujigi'ation lies in tlie fact that it need not always lead 
to the vacation of houses in the area abandoned by the wage 
earners. Youths and husbands often live away from the ^est 
of their families without that the latter give up any room space. 
The size of the floating population necessitates a duplication 
of accommodation requirements and is particularly formidable 
w'ith respect to sections of our Bantu peoples, unstabilised in 
the towns or reserves. If planning is to be based on reliable 
estimates more information about internal migration is needed, 
especially of our non -European population. 
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The Economic Factou. 

To build houses beyond the reach of the poorer sections 
of the population may lead to gluts in the midst of dire needs; 
This situation arose in Holland, where demand could not 
become effective because of the high rents. In England enougli 
houses were built in the thirties to meet the calculated numerical 
requirements, but, unfortunately, a large part of the population 
on account of their low wage earning capacity, could not avail 
themselves of the accommodation provided. It must be realised 
that in the Union, many are unable to afford even sub-e(*onomic 
rents. ('•) Large economies must be effected. A reorganisation 
of the building industry is overdue. It is remarkable that to-day 
building is still in the pre-mass production stage of the eighteenth 
century. (*®) 

Housing Statistics. 

Unfortunately, no official information exists about private 
building activity in the Union, how it is affected by public 
building, monetary j)olicy, alternate investment opportunities, 
wage agreements, oi* the trade cycle. The reiiorts of the 
Central Housing Board are entirely devoted to the examination 
of State-aided building. Per contra, the half-yearly reports on 
housing by the British ^linistry of Health are a model of clarity 
and usefulness, setting out in simple tables the number of 
houses j)rovided by the different agencies, action taken in the 
clearance of slums, the number of peoj)le rehoused, and the 
amount of reconditioning which is going on. 

Under this heading fall also the foi'iiuilation of projxu* 
definitions of the statistical units used. At first sight enumera- 
tion seems to offer no difficulties. But this is not so. For 
instance, buildings can he classified either according to quali- 
tative criteria, i.e. the ])resence or absence of certain features 
in the building or arrangement of rooms, or according to 
quantitative rneusurenients, i.e. the size, value, durability, 
density of occn]mtion, number of rooms, lieight of building, 
window space, etc. Wliich is the better yardstick? Should 
we calculate the intended or the actual use made of premises? 
Sliould we also include rooms actually used for business 
purposes? Some assistance has been given by the International 
Labour Organisation and the League of Nations in connexion \\ith 
the international comparability of housing .statistics. They 
define : 

]. The Dwelling, 

** Dwelling should comprise any structurally separated room 
or suite of rooms in permanent buildings used or 
intended for habitation by family households and having 
a separate access to a street or to a common passage 
or stairway. Detached rooms for habitation which are 
clearly intended as part of the dwelling should be 
counted as part of the dwelling. "(-*) 
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But this does not give directions how to group boarding 
houses, or rooms, inhabited by separate lodgers, but not leading 
on to a corridor or stairway. Incidentally, dwelling and house 
are used synonymously in the Union census since 1926. 

II. The Room. 

“ A room is any space larger than 4 square metres enclosed 
by walls ... as however the proportions of a room 
are no less important than its superficial area, the 
Committee adopted as an additional test its capacity to 
contain a bed for an adult, such specification being 
regarded as the simplest way of describing the propor- 
tions of a room.’* 

In other words narrow corridors are excluded, a room 
“ must be able to contain the bed of an adult and the walls 
also must reach tt» the ceiling.” It is a matter for discussion 
whether stoeps and sleeping porches should be included as 
rooms. Subsidiary rooms are sometimes counted as half units. 
The ” kitchen ” will be differently interpreted according to 
social class and race; it should be enumerated separately as 
it is of cardinal importance to the housewife. 

III. Household. 

” The household is defined ns a group of persons who 
together organise their domestic life separately from 
other persons.” 

This includes domestic servants and boarders but excludes 
lodgers not boarding with the household, who form a separate 
household. We must distinguish between family households 
and the very much smaller number of non-family households, 
i.e. people living in hotels, institutions, military barracks, cara- 
vans, camps, boats, schools, etc. A border-line case exists 
where the number of lodgers boarding exceeds the number of 
family members, inclusive of servants. Directors and staff of 
institutions, hotels, etc., occupying separate dwellings should 
be counted as family households. 

IV. The Occupant. 

We make allowance for the differential age by counting 
” equivalent persons,” a person over ten years equals one unit, 
below that age half a unit. Infants are not counted at all. 
The Qount of occupants should be a de jure one rather than 
de facto enumeration. 

Housing Exchanges. 

Statistical investigations are relatively cumbersome and 
time-consuming. For planning purposes they have the dis- 
advantage of being soon out of date. In order to keep current 
statistics we would suggest the organisation of Housing 
Exchanges in different centres of the Union. These Exchanges, 
organised like employment exchanges, could keep records 
of vacant buildings. The number oif vacant buildings is 
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a good index of the state of the Market generally. The 
public would be encouraged to notify the exchanges which would 
mean a reduction in the time in which dwellings remain 
unoccupied, a factor making for rent reduction, convenient to 
landlords and tenants. Estate agents would probably not be 
seriously affected by the establishment of sucli exchanges since 
they cater more for the middle class, nevertheless, they could 
be brought into such a scheme. 

Community Planning. 

‘‘ No man is an Hand, intire to it selfe; every man is a 
peece of the Continent, a part of the maine.'’ 

Just us the individual needs can be assessed correctly via 
his family needs, so it is wise not to consider the individual 
family in isolation from the community with which it is inter- 
related. The value of dwelling is a function not only of the 
external structure but also of communal conditions. Outside 
and inside of houses must be taken as one whole. Only the 
relation between the outer conditions and the home itself gives 
an accurate conception of the w'ay in which people are living 
or can live.(®*) It is for this reason that we have included 
town planning queries in the list of desiderata. Neglect of the 
neighbourhood values has created many social problems in the 
now housing estates. 

Spaciousness has its inconvenience too. Neighbours are 
not so handy or so obviously neighbours at all, and many 
friendly and exhilarating quarrels must be dispensed with. A 
slum cun be smoky, unliealthy and drab and yet have a soul 
which a brand new place lacks. 

This comes out clearly in the excellent survey of Birmingham 
made by the Bournville Village Trust: 

“ First to emerge from the statistics is the n[)beaval caused 
in the common daily round of simple folk by removal 
to a new estate. For exairqde, anywhere in the 
crowded centre of a city a woman cun pop out of her 
home and find, a few doors off in a dw^eJling similar 
to her own that has been made into a little shop, 
the common commodities that are her daily need. 
Where will she find like facilities in a municipal housing 
estate? And the little shopkeeper behind the counter 
set up ill his little parlour — where will he find a chance 
to drive his small trade in the grand new place. 

‘‘ It is no good dismissing such small considerations as too 
pettifogging * to be taken into any reckoning of this 
great problem, because it is just such small factors 
that decide the fate of great enterprise. To add another 
instance, it is useless to erect grand blocks of flats 
if the people whom you have in mind as tenants want 
gardens, sheds and a chance to keep live pets. 
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“ In dealing with human affairs one finds what people 
ought to like is not always the same thing as what 
they do like.*’(®®) 

The luiinnn element must be a feature of our planning, if 
planning is not to equal totnlitarianisni. It is not enough to 
resettle people in new houses. They must be assisted to form 
a new conuniinity. Tt is not enough to have low rents if new 
houses mean new expenses, lU'w curtains, more furniture and 
new clothes. Only broad vision will solve the problems awaiting 
the planner. 

COXCLUSIOXS. 

After this war is over and the Oianl of Greed defeated, 
w^e shall have to make war on another monster, the Giant of 
Need. Added to a scarcity of all factoiN of production there 
will be an inelasticity of consumption. The scissor effect can 
he overcome only by early and adequate i)lanning. 

This war on btid housing demands a strategy like any other 
great undertaking. How can the efficiency of the building 
industry be increased? Have we to iqiset established relations 
between white skilled and black unskilled workers? Should 
priority be given to the poorest, the nf)n -Europeans where the 
need is greatest? How is the ])ublie to be educated to make 
use of the facilities ])rovided? What quality is considered as 
minimal, talking into (*onsideration tlie need for quantity? Jt 
we are not to let the issue deteriorate into a dog-fight of 
])artisan organisations we must raise the discussion on to ii level 
of factual and rational enquiry. 

What does this mean? V/e must Ining togetlier all the 
scattered exjieriences and ideas of qualified workers. They 
must bo giien body by broad surieys designed to supply 
information commensurable with the magnitude, importance 
and coiu])lcxity of the decisions to lie taken. The following 
stops are tlierefore indicated: 

(1) The calling of a National roinention of officials, welfare 
workers, builders, social scientists, etc., which would pool 
existing information and assess the personnel available to gather 
new data and analyse it. 

(2) From this Convention a National Advisory (’omniittce 
could be selected able to assist the (TovtM*nment on broad issues 
of policy and especially consider the legislative, financial and 
social aspects. This would leave the (’entral Housing Board 
with the job of jnstigating and super\ising the execution of 
local plans. 

(3) Simultaneously national sur\e\s. making quantitative 
studies at least in selected sample areas of the numerical need, 
public opinion and town planning problems, should proceed 
with all vigour. 

(4) As soon as some idea is gained of the magnitude of 
the demand, tlie supply situation sliould be tackled by making 
plans for the expansion of the building industry, its reorganisa- 
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tioH and rationalisation, and for discuKsion with all the diffeient 
parties concerned. 

(5) The public should have the fullest opportunity of 
faniiliariKing itself N\ith all facets of the problem. A matter 
so close to the hearts of the pco])le as housing cannot be effec- 
tively planned if the ordinary man does not express his own 
w'ishes in the matter. Oii the other band the natural scientist, 
sociologist and economist must arrive at minimum standards, 
together with workable schemes for the realisation ot the 
ascertained biological and social requirements. 

If the country Mill give proof of as much determination 
and goodwill in the prosecution of reconstruction ])lanning as 
it has sliown on behalf ('f the war effort, South Africa cun 
this time promise her soldiers “ homes fit for heroes to live in." 
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“ WINE, WOMEN AND SONG/’ 

The Story of Cape Town’s First Academy of Music. 

BY 

Percival B. Kirby, 

With 1 Photograph. 

Bead 28th June, 1943, 

Many books have been written about the early days of 
Cape Town, and T dare say that moat of my hearers are familiar 
with some, at least, of tlie curious things that have happened 
there in days gone by. But by no means all of them have yet 
been described; and I have often felt the urge myself to write 
yet another book about some of the strange happenings that 
took place in our Mother City in dn,\s gone by which seem to 
have escaped the eagle eye of most of our historians. And it is 
of one of these that I propose to speak in this paper. 

I have given my story the rather unusual title of “ Wine, 
Women and Song ” for a number of reasons which vou will 
yourselves discover as I unfold my tale. The tale itself is the 
story of the founding of what I believe was one of the earliest, 
if not the very earliest, of the academies of music to be founded 
in South Africa. 

Now, although there was a considerable amount of musical 
instruction given at the Cape during the eighteenth and the 
early years of the nineteenth centuries, nothing of a systematic 
nature appears to have been embarked upon until the following 
events took place. 

In the early part of the year 1814 a new organ, destined 
for the Lutheran Church in Strand Street, was landed at the 
Cape ('). With it came a young organ-builder, named Edward 
Knollys Green — E. K. Green (*) — w^ho had been sent out from 
England to instal it. Young Green was just twenty-one years 
of age, and full of youthful enthusiasm ; and after he had com- 
pleted his work and installed the new organ successfully, he 
had made himself so much at home that he determined to stay 
in Cape Towm, and to open a shop as a music-seller. 

This he did, and his new store was at No. 4/5 Bree Street, 
where the Prince of Wales’ Hotel stands to-day. Like other 
music-dealers at the Cape, Green sold music and musical instru- 
ments, and also occasional “ side-lines.” But, being something 
of an organist, he added to his income by acting as organist to 
the Paarl Church, of which he was the only English official. 
For his services as organist Green received the handsome annual 
salary of fifteen pounds, and for this he used to ride on horse- 
back from Cape Town to Paarl on the Saturday afternoon, play 
the organ at the Sunday service, and ride back again in time 
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to open his shop again on Monday morning. And I have not 
the least doubt that, as he was a good business man, he got the 
contract to repair and to tune the Paarl organ. 

Before long young Edward Green had lost his heart to a 
young lady of Cape Town — a Miss Berning — and the pair were 
married. It was the son of this couple who founded the famous 
wine business associated with the name of E. K. Green. But 
that, unfortunately, is by the w'ay ; though it goes some distance 
in justifying my title “ Wine, Women and Song.** 

In 1824 Green secured the contract for installing the organ 
in the Groote Kerk in Adderley Street, but he died before he 
could complete the work. His widow, however, was allowed to 
finish the job. 

Now at about the same time that he secured this important 
contract. Green determined to enlarge the scope ot his business 
by running a music-school in conjunction with it, and to this 
end he had been in correspondence with a young musician in 
England whom he doubtless had known before he himself left 
for the Cape in 1814. This young musician was named Frederick 
Logier, and he was the son of a man who had practically set 
Europe by the ears on account of his revolutionary ideas regard- 
ing the teaching of music. 

For Johann Bernhard Logier, who had been bom at Cassel 
in 1777, and who had come to England in 1790, had married the 
daughter of the famous bandmaster and clarinet player, 
Willman, and, when a daughter was born to the couple, Logier 
had devised a completely new system of teaching music especi- 
ally for the instruction of his own little one, and his system had 
become so popular and so profitable that it had divided the 
musicians of Europe into two camps. 

Those of you who are curious can learn much of wdiat 
happened by looking up Grove's Dictionary of Music and 
Musicians under the name Logier (®) ; and if you do, you will 
be able to form some idea of the effect that the introduction of 
this new method had upon the music-teachers and citizens of 
Cape Town. 

What was this new and revolutionary system? 

Well, to begin with, Johann Bernhard Logier had invented 
a mechanical device, called the ** Royal Chiroplast,** for ensuring 
that his young pupils might readily acquire a correct position 
of their hands upon the pianoforte keyboard, and he had 
patented it in 1814 (^). The Chirojdast seems to have been the 
earliest mechanical appliance ever invented for this particular 
purpose. 

In addition to devising this machine, Logier had made a 
minute analysis of the teaching of musical rudiments and of 
harmony, finally writing a very comprehensive and thoroughly 
rational text-book of Thoroughbass, or Harmony, which soon 
came into general use, and which is still to be met with to-day. 
And it is worth noting that this w^as the first text-book on the 
subject used by Richard Wagner in 1828 to teach himself 
harmony (®). 



374 


HdllTH AFRICAN JOURNAL OF SCIENCE. 



MR. AND lilRS. FREDERICK LOGIKR 
Pioiii A photogLuph 111 the possesHion of Capt M. Gieen, Plumstodd. 

But liOgiei’s pei«»onaI teaching went far be3ond his 
nieohnnical inventions niul his text-books, and so popular did 
he himself become that he found it necessary to teacli his pupils 
in classes, even on the pianoforte, thus anticipating by a century 
some of our present-day teachers who think their methods so 
new and so modern. Logier frequently taught as many as twelve 
pupils at a time, each playing upon his or her own pianoforte (^). 

His success was so great that he began to attract the atten- 
tion of th(^ Prussian Government, which sent a musician, Franz 
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Stoepel, to London in 1821, to report on his work; and Stoepers 
report was so enthusiastic that Logier was invited to come to 
Berlin and to establish a school there, where he should teach 
twenty German musicians his method, with a view to spreading 
it over the whole of Prussia (^). During his stay in (xerniany 
Logier spent part of his time in Dresden, where he had as one 
of his pupils the dauglitei* of Dr. Henry Lichtenstein, who, it 
will be remembered, had visited the Cape himself in the early 
years of the nineteenth century (*). 

The opinion of Continental musicians was divided on 
Logier’s system. Mendelssohn, for example, derided it, calling 
it “ teaching by steam ” (*). But Spohr, who took the trouble 
to examine it personally with minute care, was enthusiastic, 
especially over the harmony teaching. He actually visited 
Logier’s classes wlien in London, and wiote a melody for the 
children to harmonise, 7 )romising that he would print the best 
solution in his own memoirs. And he kept his promise, too ; for 
the harmonisation of that melody, by a tiny little girl, appears 
in his autobiography (“). 

It was, then, the son of this man, trained in his father's 
methods, who had been invited to come out to the Cape to start 
a School of Music there. 

Young Frederick Logier arrived in tlie English Brig, the 
Luna," on 26th February, 1826, and on 3rd March there 
appeared in the "Ca])e Town Gazette and African Advertiser " 
a notice to the ef!e(‘t that " E. K. Green is now happy to 
announce to his friends and the public that Mr. F. Logier has 
arrived from London, for the purpose in c*on junction with himself 
of opening an Academy, on his father's system, for ])ianofortii 
playing and the theory of music." And tlie notice went on to 
say that " Mr. F. Logier will undertake to instruct a limited 
number of pupils on the violin, violoncello, flute and French 
horn " (^). 

Another advertisement, which appeared on 2nth March ("), 
informed the public that the charge for tuition amounted to sixty 
rix-dollars (about ^4 10s.) per quarter, payable in advance. 
Tlie same advertisement gave in detail the “ Begulations of the 
Academy," which were as follows: — 

" A Suite of Commodious Booms is appropriated to the use 
of the Pujalb. In one are several Instruments for 
simultaneous jjerformance ; here, also, the Pupils 
receive Lectures upon, and write Exercises in, llar- 
inony. 

" Each Class will meet twice a week, two hours each lesson; 
one of which will be occupied in receiving Individual 
Instruction on the Pianoforte and writing Exercises, 
the other in Lectures on the Principles of Harmony, 
and occasionally playing in Concert. 

" Mondays and Wednesdays, Tuesdays and Thursdays, will 
be the days fixed for Ladies' Classes, Fridays and 
Saturdays for Gentlemen." 
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So my readers will realise that then, as now, it was the 
fair sex that was chiefly expected to take a practical interest 
in the art of music; and I think that this fact further justifies 
my title I But let me continue with the regulations of the new 
Academy : — 

“ Each Class,** they said, “ not to be composed of more 
than six pupils. 

“ Hours of the Classes will be from 8.0 o'clock until 10.0, 
from 10.0 to 12.0, from 12.0 to 2.0, and from 2.0 to 4.0 
o'clock each day." 

One wonders when poor Logier ever took his lunch; but 
perhaps he employed an assistant to carry on while he snatched 
a hasty bite I The Eegulations continue, however: — 

" Any lesson lost in consequence of non-attendance at the 
proper Class hour, may be regained by the Pupil's 
attendance with one of the other Classes. 

" A Parent or Female Friend is allowed to accompany a 
Pupil to any of the Lectures. 

“ No extra charge is made for the u.se of Piano Fortes, 
Chiroplasts, Lecture Board, etc., etc., in the Academy; 
but should a Chiroplast or Hand Director be necessary 
for a Pupil to practise with when at home, such may 
either be purchased by the Parents, or hired from 
Messrs. Green and Logier at 5 Rds. per month, so 
long as it may be required, 

"Charge will be made for Music, Blank-book and Slates.** 

And now comes a very extraordinary thing, the list of com- 
posers whose works are to be studied by the pupils; extraordi- 
nary for two reasons, firstly because it is «.o comprehensive and 
serious, and, secondly, because it is headed by the name of a 
composer which one would never have expected to see at such 
an early date — John Sebastian Bach! 

" The Course of Study," say the Regulations, " to consist 
of Mr. Logier *s Elementary Books, and a selection from 
the works of the most classical authors, ancient and 
modem, viz., S. Bach, Corelli, Handel, Scarlatti, 
Haydn, Mozart, dementi, Cramer, Dussek, etc. ; after 
passing through this course, the whole range of musical 
authors will be left open to the choice of the student." 

>Yithout doubt this was a very excellent syllabus. But you 
may ask why the name of Beethoven w^as not included? Well, 
he was still alive in 1826, and was by many regarded as an 
ultramodern, much as many musicians of to-day regard Schoen- 
berg and his disciples, not to mention still more recent names. 

Nevertheless, the name of Beethoven was not unknown at 
the Cape in those days, as we shall see in a moment. 

The Academy actually opened on Monday, 3rd March, and 
soon excited considerable interest among the citizens of Cape 
Town. 

In the meantime, the senior partner of the firm, if I may 
so style it, who was E. K. Green himself, kept on advertising 
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his wares in the local Press, and informed the public that, in 
addition to stocking ** Elegant and Plaii/ Piano Fortes ” and 
“ Upright Cabinets, a Chamber Organ, English and Spanish 
Guitars, Violins, Flutes and Clarionets . . . Kent Bugles, Cavalry 
and Concert Trumpets, Ladies’ Tambourines, Double and Single 
Flageolets, and all kinds of Military Instruments,” he had 
” likewise received from Messrs. Price and Oosnell, London, a 
well-assorted consignment of Perfumery,” which would be sold 
at moderate prices (•) . Apparently the name of Green was early 
destined to be associated with alcohol. 

I have already suggested that the name of Beethoven was 
not unknown in Cape Town even in 1826, and this was so. A 
short paragraph, which I strongly suspect was written by Logier, 
although I cannot prove this, appeared in the ” Advertiser ” on 
9th June. It was entitled, ” Beethoven, the Celebrated Com- 
poser.” It is of particular interest, seeing that Beethoven was 
still living. Here it is: — 

” Though not an old man, he is lost to society, in conse- 
quence of his extreme deafness. His features are strong 
and prominent ; his eye is full of rude energy ; his hair, 
which neither comb nor scissors seem to have visited 
for years, overshadows his brow in a quantity and con- 
fusion to which only the snakes round a Gorgon’s head 
offer a parallel. He has always a small paper book 
with him, in which he jots down any musical idea that 
strikes him. The moment he is seated at the piano, 
he is evidently unconscious that there is anything in 
existence but himself and the instrument; and, con- 
sidering how deaf he is, it seems impossible that he 
should hear all he plays. Accordingly, when playing 
the piano, he often does not bring out a single note. 
He hears it himself in the ” mind’s ear while his 
eyes, and the almost imperceptible motion of his fingers, 
show that he is following out the strain in his own 
soul through all its gradations. The instrument is 
actually as dumb as the musician is deaf ” (‘°). 

Logier ’s success as a music-teacher in Cape Town unfortu- 
nately sowed the seeds of discord among others of the profes- 
sion, just as that of his father had done in Europe, and before 
long acrimonious letters and trenchant criticisms began to appear 
in the papers ("). .Other writers, however, took up the cudgels 
in his defence, and he himself, as his father had done before 
him, organised a public examination of his pupils (doubtless the 
first ever held in South Africa) in order that the citizens of 
Cape Town might judge for themselves. To this end he engaged 
the hall of the Comtnercial Exchange, which stood on the site 
now occupied by the Old Post Office Buildings (^*). Apparently 
this move was a great success, for the examination was attended 
by a ” numerous company,” and proved, so a correspondent 
said, ” that in the opinion of those who are the best judges, 
Mr. Logier is considered to be a valuable acquisition to this 
Colony ” (*»). 
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Before long, liOgier opened a singing class, in addition to 
his other work, and his establishment seems to have developed 
and continued with success (^^). But soon other teachers, with 
other methods, which, if not so serious or efficient, may have 
been more attractive bo the young people of the Cape, began to 
distract attention from Logier’s Academy. One of these was 
the celebrated Boniface, whose Gallic wit and beribboned 
guitars seem to have attracted almost more than their fair share 
of attention. But the story of Boniface I must leave for a 
future occasion. 

Frederick Logier remained, however, in (’ape Town. For 
him fashions did not change, for he was a serious and earnest 
musician, and he remained to the end, as he styled himself, a 
“ Professor of Music.” 

Jle married Miss Anna Beriiing, thus consolidating his 
friendship witli the Green family, and maintained the practice 
of his art until the day of his death, which occurred in 1867. 
He had been a citizen and musician of Cape Town for forty-one 
years. 

His tombstone may still be seen in Maitland Bond Cemetery 
No. 1, where it stands u]>on the plot belonging to the Green 
family. The inscription upon it completes our knowledge of 
tljc man and of his wife, for it runs as follows: — 

“ P>cdenck Logier, Professor of Music. Born in County 
Cavun, Ireland, 25th A))ril, 1801. Died at Cape Tow'n, 
12th October, 1867. 

” Anna Elizabeth Berniug, Relict of the above. Born 
2nd Seidcmber, 1784. Died 18th June, 1868.” ('®) 
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In discussing any subject it is usual to define the terms one 
proposes to use. The first term in my title — “ Geolog;^ ” — may 
be defined as that science whicli has for its object the study of 
the earth and of the \Hrious constituents which go to form the 
earth ; the human beings who follow that science are called 
“ geologists.** “ War ** is more diflicult to define as tersely, 
since the concept of it has varied from age to age. As we are 
experiencing it to-day, however, it is probably near the truth 
to say that war is a combat between two groups of nations, in 
which all the physical, mental and moral resources of the one 
group are arrayed against those of the other group in an attempt 
to achieve ultimate and com])lete victory by force of arms, such 
victory being desired in order that the accepted mode of human 
life of the one group may, in consequen(*e, become the mode of 
life of the other. Such a definition, to he thoroughly under- 
stood, involves the desirability of further definition of some of 
tlie terms used within it ; but as my thenje this evening is 
geology rather than war, I propose to leave further comment on 
the definition of war to the philosophers, merely stressing here 
that part of it that refers to the mobilisation of all the physical, 
mental and moral resources of the combatants. Being no seer, 
I cannot define the .final word of my title. What will come 
“ after *' we cannot say; but, as far as our side of the present 
struggle is concerned, I accept that the rough outline of the 
picture of the world that is to be was drawn for us by the framei*s 
of the “ Atlantic Charter.** 

Geology is a young science. War is as old as the human 
race. But w’ar, throughout the ages, has been progressively 
scientific and, in this present struggle, .scientific knowledge is 
being mobilised and brought to help the contending groups to 
a far greater extent than has ever happened in the past. Never- 
theless, I do not think that those who have called science to 
their assistance have as yet realised that those who practise 
in life as geologists could be of greater help than they are at 
present. This may be the fault of the geologists themselves, 
for they are a retiring body of men who are even to-day pictured 
by many as long-bearded professorial individuals, spending their 
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days and nights poring over the mysteries of a fossil bone or 
gazing down a microscope tube at fragments of rock brought 
from some far-distant land. Bret Harte's description is still 
accepted in some quarters as being a true picture of a meeting 
of these very learned people. 

At the same time, there still appear to exist in certain 
quarters responsible for certain phases of the military struggle 
men who consider that geology is too young a science to be 
conscripted for service, and that its much younger sister science, 
geophysics, should be confined to the nursery. As a result, we 
have seen published photographs of men in uniform scouring the 
desert with forked sticks seeking those water supplies on which 
the lives of thousands of troops will depend; and, in imagina- 
tion, one can hear the authority who gave these diviners " 
their orders saying “ What was good enough for Moses 
is good enough for me. T don’t believe in your new-fangled ideas 
about dip and strike or porosity or magnetic and electrical 
anomalies.” 

I think, however, it w^uld be of interest, despite this 
longevity of Mosaic practice, to consider in what various ways, 
if any, those who study the earth and its various constituents 
could be of value in the prosecution of an ” all-in ” war, and 
then to ask ourselves (without giving an answer here and now) 
in how many of these ways the geologist has been asked to 
assist or in how many he lias sought to assist. 

It is clear that war demands, in an ever-increasing measure, 
armaments and yet more armaments, and that these in turn 
require greater and greater quantities of metals and mineral 
products whose only source is the earth. Tn times of peace, the 
geologist pays attention to the nature, mode of occurrence and 
location of mineral resources and even assists, as far as he is 
permitted, in their development when they are developed. In 
war, and particularly in the present war, every combatant nation 
finds itself fa(*ed with the necessity both of stepping up produc- 
tion from sources already producing and of discovering and 
opening up new sources of supply, particularly when the chances 
of battle deny to it resources which it has previously enjoyed. In 
such a task, the geologist can take an important part; and 
among the Allied Nations, geologists have been mobilised, to a 
greater or less extent, to this end with varying degrees of 
success. Naturally, the State geological organisations have been 
accorded the greater share in such work; and it may be of 
interest to cite one or two instances of the success which has 
attended their efforts, culled from published information in the 
British and American technical press. 

In Great Britain, the Geological Survey was highly praised 
by the Ministry of Works for the help which its geologists gave 
in the problem of the excavation of outcrop coal to increase 
coal output, an urgent national problem. The Survey was, in 
fact, requested to pass from the role of consultant to that of 
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co-leader in the planning of this national effort which, in 1942, 
produced more than a million tons of outcrop coal. Develop- 
ment of felspar in the Hebrides, advised by the Survey, enabled 
the United Kingdom to become absolutely independent of out- 
side sources of supply. Intensive study of iron ores, tin, 
wolfram, lead, zinc, fluorspar, and barium minerals, added to 
the knowledge thereof already possessed, enabled acceptable and 
valuable advice to be given regarding increased production of 
these essential war minerals. 

In the United States which, rich though they are in most 
minerals, had no pre-war production of certain vital ores, 
Federal and State geological organisations proved, in 1942, the 
existence of a major deposit of chrome ore by exploratory work 
in Montana and discovered vanadium ore in Oregon — to instance 
only two examples which are of very great value to the steel 
outlook of the States. 

In the Union of Soviet Republics, of course, all geological 
work is State-directed; and the phenomenal increase of mineral 
output and in the number of known mineral deposits which was 
primarily due to the work of Russian geologists before the war 
leaves no room for doubt that these geologists have been 
employed successfully during the war in similar })roductive work. 

Our own country has seen the Geological Survey turned 
into a body whose energies are devoted almost entirely to the 
investigation of those mineral deposits which can prove of value 
to our war effort and it is possible to say, without unbecoming 
immodesty, that its efforts have not been unattended by a 
certain modicum of success. 

Although iron, manganese, chrome, tungsten, tin and a 
host of other metals and non-metals, together with oil and coal, 
are essential to the prosecution of war in its modern guise, 
there is one mineral substance without which war cannot be 
waged. This is water ; and the exigencies of global war demand 
that water must often be obtained and used in places where 
it had not previously been required and in quantities sufficient 
to maintain large numbers of men and of machines. Dr. E. 
B. Bailey, Director of the Geological Survey of Great Britain, 
has written that, in his opinion, the investigation of, and advice 
concerning, underground water remain the most important con- 
tribution that his Department is making to the war effort. Our 
own Defence Department recognised the part that water sup- 
plies would play in the campaigns in East Africa and North 
Africa and, in addition to equipping boring c-ompanies with the 
necessary staff and equipment for tapping underground water 
supplies in the desert, formed and equipped, with a nucleus of 
Geological Survey experts, a special Geological and Geophysical 
Section of the Engineers to locate sites at which boring should 
take place. The success attending these efforts has been 
officially recognised in despatches. 

There is, however, another side to the picture, a side which 
shows that, although in a number of military engineering 
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matters the assi8tan(*e of the geologist could legitimately have 
been invoked, the utilisation of geological knowledge has either 
been entirely neglected or has been singularly haphazard. As 
Professor P. G. H. Boswell pointed out in his Presidential 
Address to the Geological Society of London, the fundamental 
reason for such haphazard utilisation of geological knowledge 
is the lack of aw*areness on the part of the general public (and 
he might well have included the majority of politicians, soldiers 
and Tiigh-ranking public servants) of the content of the science. 
Most of these people probably more or less vaguely associate 
geology with a study of rocks or of minerals or of fossils, and 
some of them are probably aware that the geologist professes 
to have some knowledge of underground water ; but few of them 
would do other than exj)reas incredulous surprise if told that 
geological science could have anything useful to say on such 
subjects as the strength of rock or subsoil foundations for forti- 
fications, gun emplaceiuents or other surface structures, on the 
drainage properties of soils, on the ability of airport foundations 
to withstand landing sliock or their reaction to explosives, or 
the location and construction of air-raid shelters or tunnels. 
Yet to these and numerous other war-time engineering problems 
geology can contribute its quota of knowledge. When it does 
not, costly mistakes may be made as in the British instance 
where a sum approaching half a million pounds was wasted at 
one aerodrome site alone. I have been told that, in a salt- 
encrusted semi-desert area, the cohesion of tl)e surface of a 
proposed landing-ground was tested — in the dry season — by the 
simple method of banging the heel of a boot (of course, with 
the foot inside) on the surface. The inspecting officer pro- 
nounced the result satisfactory I One can only hope that there 
will be neither rain nor dew there, at least until the end of the 
war. 

It must not, of course, be assumed that every man who 
calls himself a geologist is capable of advising on all of these 
and cognate matters which fall to be dealt with at some time 
or other by military authorities ; but it is safe to say that from 
some geologist or another it is possible to obtain valuable advice 
on one or other of the problems after he has examined them in 
the light of the principles of the science which he professes. 
Modem war, as has been well said by S. Paige, the Senior 
Geologist to one of the Divisions of the United States Army 
Engineers, is in its own right an engineering enterprise on a 
scale so vast that it dw^arfs any other field of organised human 
effort, as well as being a social co-operative undertaking. The 
problem which faces those responsible for controlling such under- 
taking is to utilise most effectively all appropriate technical data 
, where and when necessary. I submit that the data furnished 
by geological knowledge are basic and fundamental to any war 
effort; those possessing that knowledge should be given the 
right and the op jiort unity to apply it to every problem whicli, 
in its nature, demands such application. 
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I should like to make it clear that, in hinliug that geolo* 
gical knowledge may not have been utilised in this war to the 
extent that it might have been, 1 am not for a moment suggest* 
ing that it alone could win a war ; nor do I think that geologists 
or any other body of professional men will help the war to a 
successful conclusion by assuming potentialities which they do 
not in reality possess. It is, however, correct to say that neglect 
to utilise in the proper place and proper manner such informa- 
tion as geologists as a body possess might well be a contributory 
factor to losing battles and even to losing the ^^ar. 

II 

I come now to the second part of my subject — the role of 
geology after the war; and here we can only “ see in a glass 
darkly ** and our mental retinas may receive a very distorted 
view. 

The science of geology is botli, a field of research and 
investigation and one of the tools of industry. Like .all sciences 
it has its “ pure ’* and “ applied ** facets, the boundary 
between which it is sometimes difficult to discern. Industry 
is slowly becoming increasingly conscious of the usefulness of 
this particular twl ** without, I fear, knowing exactly how 
it works or w^hat is its ])roper function ; sometimes the tool is 
expected to perform a task for wdnch it was not designed and, 
when it fails to do this, or does it inefficiently, it is condemned 
as being valueless for all purposes; sometimes it is given credit 
for more than it does ])erform as in the (*a'^e of the old lady 
w^ho expressed her unbounded admiration for geologists for their 
infallibility in knowing exactly where to put petrol bowsers. 
Further, when the ]))’ofes.so7’s of the science are working purely 
in the field of research, tliey are apt to be considered by the 
“ practical man as eccentric hut harmless individuals far 
removed from his august consideration. 

Professor Boswell, as has already been mentioned, has 
drawn attention to the “ lack of awareness ” on tlie ])art of the 
general public of the (ontent of geological science. If this lack 
of awareness is to disapjiear after the war, it is clear that the 
science ouglit to become an integral part of the curricula of our 
post-war schools and colleges and that the coming generation 
should become as familiar with its fundamentals as is the pre- 
sent generation with certain other bj-anches of knowledge, such 
as the names and features of film stars. 

It is, of course, true that geology forms one of the subjects 
of instruction at our colleges and universities and even at some 
of our schools ; but 'all too often it is a subject treated both by 
students and teachers as one for examination purposes and not 
as one intended as “ a study of the earth. ' The multiplicity 
of facts that have accumulated since first the earth began to 
be studied scientifically has created a tendency to .split the 
science into a number of separate sub-divisions, ea(*h of which 
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is treated more or less as a separate entity in our teaching 
institutions. (Moreover, the beginner is too often forced to con- 
sider the less interesting sub-divisions, such as the proper identi- 
fication of the so-called “ common " minerals or “ common 
rocks from laboratory specimens (which may or may not be 
properly identifiable) and the text-book fai*ts and definitions of 
physical geology. In the “ practical " course in the laboratory, 
the same beginner experiments with blowpipe, platinum wire, 
and reagents on the same ** common ” minerals and all too 
frequently decides that if this is geology, I’m going to study 
something else.” A few stalwarts annually decide to overcome 
the initial obstacles and to continue with the subject to the end 
of their University careers, emerging thereafter with sufficient 
theoretical equipment and laboratory experience to enable them 
to begin the study of the earth in the field and ultimately to 
have the right to call themselves ” geologists.” 

Under such circumstances it is no wonder that the public 
lacks an awareness of the content of geological science; and I 
suggest that, as mankind is so absolutely dependent upon the 
earth and upon the fruits thereof, one of our aims should be to 
inculcate, in the post-war w’orld, as complete and universal an 
understanding of the earth and its nature as is possible. Discus- 
sion regarding the means whereby this aim can best be attained 
may well be left to the educationists ^^ho are responsible for 
the curricula of our schools and colleges. 

Assuming, however, that the post-war world is more fully 
aware of the content of geological science, we must then ask 
what is to be the future role of our science in that world. 

The enormous destruction of the mineral products of the 
earth and of the materials made from them during the war will 
demand enormous replacement in the period of reconstruction. 
Mineral deposits are in their very nature irreplaceable. Before 
and during the war production has taken place at unprecedented 
rates, and some at least of the present productive deposits will 
probably be exhausted before the post-war demand can be fully 
met. Either, therefore, new deposits will have to be discovered 
and opened up or substitutes will have to take the place of 
unprocurable mineral materials. The demand for minerals may 
thus exceed the available supply and the world find itself faced 
with the same problem as faced the leaders and the millions of 
post-Bevolution Bussia. In that land, where in order to put 
into effect the social schemes envisaged by the makers of the 
” New Order ” it was necessary to develop to the maximum 
possible the capital resources of the Bepublics, the geologist has, 
since the Bevolution, played his proper part. He has in a 
planned manner discovered hidden mineral riches, not only in 
the lands hitherto unexplored but even in and near centres of 
population long since presumed to have been examined; and, 
whenever these discovered riches have required to be developed 
and used for the benefit of the Soviets, the geologist has been 
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followed by the mining engineer and the mining engineer by the 
industrial engineer. Others of his discoveries have become the 
subjects of research in an attempt to find new uses for known 
materials or to find new methods of treating his finds in order 
to make them useful. 

If it be given the opportunity to do so, I am certain that 
geological science will be eager to serve the “ brave new world " 
to come in the same manner as it served, and continues to serve, 
the Union of Soviet Socialist Republics. Africa itself; not 
omitting that portion of it in which we are more immediately 
interested, offers a wide scope for detailed geologi(‘al explora- 
tion with a view to the discovery of mineral wealth. 

In the first part of this address I suggested that the appli- 
cation of geological knowledge would be of assistance in the 
consideration of engineering problems ; and I should like to think 
that, after the war, there will be a close co-operation between 
the geologist and the engineer. Even before the war, there 
were some outstanding instances of the beneficial results of such 
co-operation; and it appears to me that it might be of interest 
if I quoted an example. 

For several years before 1928 the United States Congress 
liad considered several projects for building a large dam on the 
Colorado river at Boulder, but in the year named the critics 
of the scheme definitely charged that such a dam could not be 
built. The President of the time thereupon appointed the 
Colorado River Board to report on the feasibility of building 
Boulder Dam and appointed to that Board an Army Engineer 
General as Chairman and two civilian engineers and two geolo- 
gists as members. Dr. C. P. Berkey, one of the geologist 
members, has recently written of this as follows: “ The Board 
was appointed to determine whether local conditions indicated 
that such a structure could or could not be safely built, and if 
it could, where and how. There are just such vital matters in 
every individual case. In this one it was necessary to determine 
whether Black Canyon or Boulder was the more favourable, 
what particular location w^as the beat, whetlier the rock forma- 
tions at that spot were strong enough to carry the load and 
thrusts of a dam more than 700 feet high, and sound enough 
to permit safe excavation in the canyon walls of diversion 
tunnels large enough to care for the river while the dam was 
building. It was necessary to judge the quality of more than 
120 feet of sand-gravel river fill and how this material would 
behave under excavation. It w^as even more important to deter- 
mine whether satisfactory conditions would be encountered in 
the rock floor beneath. There was question whether the river 
in the beginning had laid out its course on a fault zone or other 
earth weakness, and whether there was danger of renewed move- 
ment that could endanger the structure. Even though the 
canyon walls might be strong enough to support such a great 
dam, were they also impervious enough to prevent the water 
of the reservoir from leaking out and thus cheating the service 
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it is expected to give?" These and many other questions had 
to be answered by this Colorado Biver Board ; ana, as a result 
of their answers, the great Boulder Dam exists to-day. Since 
the appointment and success of that Board, reco^ition of the 
value of the geologist’s co-operation with the engineer on such 
projects has been the rule rather than the exception in the 
United States, and geological) science has been called in to study 
the problems associated with various types of engineering pro* 
jeotsf— d&u^s> bridges, tunnels, subways, skyscrapers, water- 
works, highways and other less pretentious works. I think we 
are justified in submitting that what proved such a success in 
pre-war times in the United States is worthy of more universal 
extension after the war. For such an extension to be useful, 
however, geologists themselves must recognise that their 
science, in addition to being descriptive and historical and, 
possibly, somewhat speculative, is also factual, quantitative, 
and " immensely practical " and that it is these latter features 
that must be stressed when it is called upon to 'be immediately 
harnessed in the service of mankind. 

The early leaders of geological thought, and in particular 
Sir Charles Lyell, taught that it was essential to study the 
present in order to elucidate the past; and geologists to-day,, 
from their earliest years as such, follow this teaching and study 
the effects of wind, water, sun and ice upon the rocks, rock- 
debris and soil on the surface of the earth. These effects have 
a vital bearing on man’s w’elfare*. Here in Southern Africa we 
are becoming increasingly conscious of this fact. Soil erosion 
is impoverishing our heritage and certain steps are being taken 
or are in contemplation in order to combat this wastage of our 
wealth. To cure a disease it is necessary to know its cause, 
unless one acts empirically. From a geological point of view, 
the causes of soil erosion are many ; but among them are certain 
" Laws of Nature," certain natural forces well known to geolo- 
gical science. Untamed, these laws would prove our undoing; 
our task, therefore, is rather to harness such natural forces and 
to nifike them our servants than to attempt the impossible task 
of changing them. The struggle to accomplish this will be a 
continuing one and will demand the mobilisation of much 
thought and skill. In this struggle the geologist can and should 
play his humble part. 

There is also a relutionsliip between the sciences of geology 
and medicine. As recently as February of this year, the Geolo- 
gical Society of London — the ])remier Geological Society of the 
world — held a symposium on " Some medico-geological pro- 
blems." Two problems that received particular attention were 
those of fluorosis and molybdenosis — the former a disease affect- 
ing human beings, the latter affecting cattle and sheep. It may 
be of interest to note, in passing, that one of the authorities 
quoted by a speaker on fluorosis was Dr. Ockerse of the Union* 
Department of Public Health, in whose researches our Geological 
Survey has been able to iday a small part. 



OBOLOOY IN WAR AND AFTER. 


887 


One of tlie services the geologist can give to the medical 
man in his researches into the effect of various “ trace 
elements on human or other animals is to forecast the degree 
of probability of occurrence of such elements in soils or in under- 
ground waters at any point. There are other points of contact 
between the sciences of (leology and Medicine, such as the 
study of affections of lungs by dust of various kinds and sizes 
and the pollution of water supply ; but it is much to be regretted 
that the actual contact between geologists and medical autho- 
rities is not yet as close as it ought to be. Collaboration between 
the two groups, however, need not wait for the onset of the 
f/ost-war period. 

In thus indi(‘ating some of the lines along which geology 
may prove to be of “ practi(*al ** value in tlie \enra to come, 
I have been exploring what might be called the “ frontiers of 
geology.** I should not, however, be drawing a true picture 
if I left you unmindful of the fact that our science is a “ study,** 
that it seeks to determine the “ when,** “ how,** and “ why ** 
of eartl) history, and that, in so doing, it investigates matters 
which appear to have no immediate or even far-off practical 
bearing. In so doing it adds to the sum-total of human know- 
ledge and opens up for our inspection vistas stretching back 
through those vast aeons to the birili of our planet. 

This in itself is important. Indeed, Dr. J. C. Merriam, 
the famous head of the Carnegie Institution, was bold enough 
to say that it is important that among tliose who come into the 
range of influence of a knowledge of tliose features of nature 
presenting exce])tional illustration of the story of the earth, 
there should be included as many as possible of the outstand- 
ing individuals who ultimately have influence in guidance of 
the great affairs of the world. You will agree, I think, that 
this is a sonfewhat cryptic utterance. It means, I take it, that 
our leaders should be, with their other attributes, geologists; 
I doubt whether even the most enthusiastically bigoted geologist 
would suggest the converse ])Poposition, that geologists should 
be our leaders! 

It is undeniable that tlie researcli side of geology, the 
enquiry into the when or how or why, has an almost in*esi$tible 
fascination for most of the devotees of the science. It is almost 
as undeniable that, before the war, geological research had to be 
undertaken in the majority of cases, for financial reasons, as a 
sort of “side line ’* by men who had to live by teaching the 
subject, by practising it, or in some non -geological avocation. 
In this, geology wsfs probably neither better nor worse off than 
its sister sciences. Much work was, however, done in many of 
the various parts of the subject; nevertheless, very much more 
remains to be done and in certain branches of this widespread 
science we have scarcely made a beginning with our investiga- 
tions. 
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To obtain an illustration of this last statement I picked 
up, almost at random, a volume published by the Geological 
Society of America in 1989, a few months before the outbreak 
of war, which contained a number of anniversary day addresses* 
The first of them, by Dr. A. L. Day, is entitled “ The Hot 
Spring Problem ** and finishes with this statement; “Our 
observations “ (which, incidentally, were made mainly in the 
Yellowstone Park and extended over 12 years or so) “ are quite 
obviously incomplete, so that it is yet hardly possible to dignify 
these details by the name of theory , but we may perhaps 
venture to hope that at the end of the next 25 year cycle 
geysers will have found a reasonably complete and adequate 
explanation.” 

There follows an address by Dr. C. W. Gilmore on “ Becent 
Progress in Reptilian Palaeontology.” He completes his 
address by saying ”To the future we may look forward with 
optimism, for the large collections of unstudied materials already 
in hand and the extended studies under way promise much for 
future progress not only of reptilian but of all palaeontology.” 

Other addresses deal with “ The Rise of Physiography,” 
“ Regional Departures from Ideal Isostasy,” ” Deformation of 
the Earth’s Crust,” ” (Contribution of Geologj to Shaping Ideas 
on the Meaning of History,” and ” Ice Ages in the Geological 
Column;” and all of them have the same thread running 
through them — that there are far more facts to be discovered 
than we have as yet learned and that the scope of geological 
research is as wide and a^ deep as the earth itself. This variety 
of opportunities is one of the great attractions of the subject. 
No enthusiast need seek far for a sphere in which he may exer- 
cise his powers of observation and then his powers of deduc- 
tion; and he will not lack for fellow’-students who will either 
be prepared at all times to dispute with him the logic of his 
conclusions or pretend to be scornful of the lack of interest 
inherent in the subject he has chosen. A witty Professor at a 
South African XTniversity once started an address by stating 
” Glacial geology leaves me cold; and palaeontology is as dry 
as the old bones with which it deals,” and then proceeded to 
discourse on certain petrological problems which at least one 
of his hearers might have stigmatised as being as hard as the 
rocks whose origin the speaker w^as trying to unravel. 

In' geological research it is possible for many paths to be 
travelled ; but each is so long that no one man can hope to travel 
very far along any of them nor to know much of the countries 
through which no' more than a few pass. All, however, lead to 
the one end; and the more travellers who proceed along them 
hopefully and purposefully, the shorter wull the journey seem 
to be. In the post-war world it should be made easier for these 
travellers than it has been in the past. 

One question at least remains to be posed. Will geological 
research in the post-war period be orientated by the demands 
of the ” practical ” man or will the spirit of abstruse and scien- 
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tific investigation be permitted to wander where it will? The 
answer of any man to this probably depends upon his individual 
conception of the structure and functions of post-war society. 
It seems to me that the true aim of any science should be the 
service of humanity, both in the mass and as individuals, and 
that, therefore, geological research should be at the same time 
both planned and free. It is worthy of note that, in wliat is 
possibly the most severely practical State of modern times (the 
TJ.S.S.E.) K!>ne finds research workers in such “ unpractical 
fields as vertebrate palaeontology encouraged in every way to 
pursue their studies and honoured for the results they obtain 
while, at the same time, research in other branches of geology 
is planned and carried out in order to meet some essential 
practical need of the State. 

Finally, I should like to stress the international character 
of geological science as of all other sciences. The earth is a 
whole ; those who study it should study it as a whole and should 
take no cognisance of the artificial boundaries which are drawn 
by man between State and State. To confine our investigations 
and our thoughts to any single portion of the earth’s surface is 
ultimately to acquire a very limited outlook. For example, it 
is not possible to attempt to unravel the history of the land 
masses of the Southern Hemisphere by confining one’s attention 
to the geological features of South Africa or of South America 
or of Australia: all must be studied. Lack of opportunity has, 
in the past, prevented all but a very small minority of geologists 
from doing more than to read about lands other than tlieir own, 
and even from meeting their fellows from otlier lands at Inter- 
national Congresses. Indeed, I think it is likely tliat the com- 
mercial traveller has had a greater mathematical chance of 
“ seeing the world ” than the geologist; yet the latter is more 
likely to solve his local problems if he can come to them with 
a practical understanding of the moi*e regional problems of which 
his form but a part. 

Of the human and social effects w'liich would ensue from 
an extension of the opportunities afforded to geologists to acquire 
y)ractical knowledge outside their own national borders it is not 
my function to speak; but I am convinced, from my own very 
limited experience, that the cause of geological science cannot 
but be furthered and the contribution which the science can 
make to the future welfare and happiness of humanity cannot 
but be increased thereby. I would ask pardon for concluding 
a somewhat disjointed and prosy address by a fimd thought on 
the hap})iness of humanity culled from Euripides : 

“ Happy the man whose lot it is to know 
The secrets of the earth. He liastens not 
To work his fellow’s’ hurt by unjust deeds, 

But w'ith rapt admiration contemplates 
Immortal Nature’s ageless harmony, 

And how and when her order came to bo.” 
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